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ABSTRACT 
 
 
A field experiment entitled “Effect of biofertilizers on growth 
and yield of gram (Cicer arietinum L.) var. Gujarat Gram – 1” was 
conducted at Agriculture Farm, College of Rural Studies, Dumiyani 
(Rajkot) during rabi season of 2002-03 and 2003-04.  
The experiment was conducted with twelve treatments 
including alone and combined application of chemical fertilizers (50% and 
100% recommended dose), organic manure (FYM @ 10 t and 20 t ha-1) and 
biofertilizers (Seed treatment with Rhizobium and phosphate solubilizing 
micro organism) following randomized block design (RBD) with four 
replications. 
Results clearly indicated that application of 100% 
recommended dose of fertilizer (RDF) + 20 t FYM ha-1 + biofertilizers 
(Rhizobium + PSM) significantly improved the growth parameters viz., 
plant height (36.95 cm), plant spread (42.14 cm), number of branches per 
plant (5.31), number of nodules per plant at 40 DAS (8.65), 80 DAS (17.70) 
 and dry matter production per plant (13.91g) at harvest in the pooled results. 
However, it did not differ significantly from the treatments 100% RDF + 
Rhizobium + PSM,  50% RDF + 10 t FYM ha-1 + Rhizobium + PSM,  50% 
RDF + 10 t FYM ha-1, 100% RDF and 20 t FYM ha-1 in almost all the 
growth parameters. 
Full dose of chemical fertilizers when applied alongwith 
biofertilizers and 20 t FYM ha-1 significantly improved the yield attributes 
to the highest extend, viz., number of pods per plant, number of grains per 
plant, grain yield per plant, and test weight, which were 37.45, 52.56, 8.89g 
and 18.76g, in the pooled results, respectively. However, it was statistically 
at par with the treatments 50% RDF + 10 t FYM ha-1 + biofertilizers 
(Rhizobium + PSM), 50% RDF + 10 t FYM ha-1, 100% RDF + biofertilizers 
(Rhizobium + PSM) and 100% RDF, in respect to number of pods and 
grains per plant, 50 % RDF + 10 t FYM + Rhizobium + PSM and 50 % RDF 
+ 10 t FYM ha-1, in respect to grain yield per plant and 50 % RDF + 10 t 
FYM ha-1 + Rhizobium + PSM in respect to test weight. 
Significantly the highest grain yield (2050 kg ha-1), straw yield 
(2897 kg ha-1) and biological yield (4948 kg ha-1) were registered in the 
pooled results under 100% RDF + 20 t FYM ha-1 + Rhizobium + PSM, 
which were 50.62, 45.43 and 47.57 per cent higher over control, 
respectively. However, it was statistically at par with the treatment 50% 
RDF + 10 t FYM ha-1 + Rhizobium + PSM. The harvest index of gram was 
not influenced significantly due to different treatments. 
Significantly the highest protein content in grain (21.64 %) was 
recorded under the treatment T12  (100% RDF + 20 t FYM ha-1  + Rhizobium 
+ PSM), which was closely followed by treatment 50% RDF + 10 t FYM 
Rhizobium + PSM (21.27 %), whereas, it was minimum (18.70 %) under 
treatment T1 (control) in the pooled results.   
 Crop fertilized with 100% RDF alongwith 20 t FYM and 
biofertilizers (Rhizobium + PSM) recorded significantly the highest N 
content (3.462%) and P content (0.567%) in grain and N content (1.568%) 
and P content (0.145%) in straw over control. However, it  did not 
significantly differ with the treatments 50% RDF + 10 t FYM ha-1 + 
Rhizobium + PSM, 50% RDF + 10 t FYM ha-1, 100% RDF, 100% RDF + 
Rhizobium + PSM, 20 t FYM ha-1 , 50% RDF + Rhizobium + PSM and 50% 
RDF in respect to N and P content in grain and straw. 
Significantly highest nitrogen (70.96 kg ha-1) and phosphorus 
(11.39 kg ha-1) uptake were recorded with 100% RDF + 20 t FYM ha-1 + 
Rhizobium + PSM, which remained statistically at par with treatment 50% 
RDF + 10 t FYM ha-1 + Rhizobium + PSM. Significantly the highest 
available nitrogen (240.30 kg ha-1) and phosphorus (26.22 kg ha-1) content 
in soil after harvest were recorded under the treatment 100% RDF + 20 t 
FYM ha-1 + Rhizobium + PSM, but it remained statistically at par with the 
treatments 50% RDF + 10 t FYM ha-1 + Rhizobium + PSM, 50% RDF + 10 t 
FYM ha-1 , 100% RDF + Rhizobium + PSM and 20 t FYM ha-1 . 
The highest gross realization of 28992 Rs ha-1 was realized 
with 100% RDF and 20 t FYM alongwith biofertilizers, while net 
realization of 17738 Rs ha-1 was secured with application of 50% RDF + 10 
t FYM ha-1 + Rhizobium + PSM. 
Based on the pooled results of two years experimentation, it 
could be concluded that to secure the maximum net realization from gram 
crop, along with adequate maintenance of soil fertility, the crop should be 
fertilized with 50% recommended dose of fertilizer, FYM @ 10 t ha-1 along 
with biofertilizers (Rhizobium + PSM) under North Saurashtra Agro-
climatic zone.    
 
                                                                                            
I. INTRODUCTION  
 
 
Pulse crops have a specific importance for the vegetarian 
population of our country because pulses are the major source of protein. 
However, due to population explosion and low productivity of pulse 
crops, per capita availability of pulses is consistently decreasing. Per 
capita availability of pulses per day is only 47g as against the minimum 
requirement of 104 g as recommended by nutritional experts of World 
Health Organization/Food and Agriculture Organization.  
Gram (Cicer arietinum L.) is important pulse crop occupying 
third position among the grain legumes in the world. Among the pulses 
grown in country, gram occupies a predominant position and is 
considered as a king of pulses. An Indian sub continent accounts for 70 
and 80 per cent area and production of gram crop, respectively in the 
world (Bharodia et al., 1987).  In India, gram is cultivated in about 32 per 
cent of total area of pulse  crops and it contributes 45 per cent to total 
production of pulses. Statistically, it occupies about 65 to 70 lakh 
hectares with a production of 50 to 55 lakh tonnes every year. The 
average productivity is about 823 kg ha-1 (Joshi, 2001). 
In Gujarat, it occupies an area of about 1.5 to 1.8 lakh 
hectares producing 1.0 to 1.25 lakh tonnes of grain annually with average 
productivity of 700 kg ha-1 (Joshi, 2001). 
In the country major area under gram exists in Madhya 
Pradesh followed by Uttar Pradesh and Rajasthan. These three states 
alone account for 71 per cent of the total area allocated for this crop. 
Regarding share of production, Madhya Pradesh alone contributes 33.4 
per cent to the total India’s gram production followed by Uttar Pradesh 
contributing 21.4 per cent and Rajasthan producing 19.5 per cent. There 
is an increase in production in Gujarat, Maharashtra and Madhya Pradesh 
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while it has declined in Rajasthan, Punjab and Uttar Pradesh due to 
expansion in irrigation that has caused shifting of gram area towards the 
crops like wheat and mustard. 
Gram seed contains about 17.7, 0.49, 0.11 and 0.04 per cent 
protein, lysine, methionine and tryptophane, respectively (Katiyar, 1982). 
In addition to this, it also contains 56.6 per cent carbohydrates and it has a 
considerable amount of ash, calcium, phosphorus and iron (Thakur, 
1980). Gram seed also contains Na, K, Cl, Mg, S and Auxalic acid. It is 
also good source of Vitamin A, thiamin, riboflavin, nicotinic acid and 
Vitamin C. Beside a food crop for human consumption, gram is an 
excellent concentrate for horses. Being a leguminous crop, it adds 
atmospheric nitrogen in the soil with the help of symbiotic bacteria in the 
root nodules. This crop is of multipurpose uses and exhibits a wide range 
of adaptability to agroclimatic conditions prevailing in India.  
There is a vast scope for increasing productivity of gram by 
adopting agro-techniques. For achieving the potential crop yield per unit 
area, high yielding varieties should be coupled with proper agronomic 
practices. Of the various factors known to augment the crop production, 
fertilizers added with suitable agronomic practices play a pivotal role to 
boost up the crop yield. Currently, 40 to 50 per cent increase in 
agricultural production can be credited to fertilizers alone (Tondon, 
1994). However, judicious use of fertilizers is of vital importance to 
achieve higher yield.  
Among the three primary nutrients (N, P and K) necessary 
for crop production, nitrogen plays a key role. Nitrogen is an essential 
element for proper plant growth and development. It imparts green colour 
to leaves and stems and enables them for efficient photosynthesis. Gram, 
like other grain crops needs great supply of nitrogen. Due to leguminous 
nature, major part of nitrogen requirement can be met through inbuilt 
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mechanism of atmospheric nitrogen fixation. However, nitrogen fixation 
starts three weeks after sowing of the crop. Therefore, a starter dose of 
nitrogen is essential to meet the initial nitrogen requirement of the plants. 
Besides nitrogen, phosphorus is the second most important 
plant nutrient and classed as a major plant nutrient. Phosphorus is a key 
element in the process involving conversion of solar energy into the plant 
food. The P compounds like ADP (Adenosine diphosphate) and ATP 
(Adenosine Triphosphne) infect act as energy currency within the plants 
(Tisdale et al., 1984). Thus, phosphorus influences the vigour of plant, 
root growth and improves the quality of crop yield. It also counteracts the 
harmful effect of excess nitrogen in the plants. 
Chemical fertilizers have played a key role in the green 
revolution. It has been established that there is positive correlation 
between fertilizer usage and agriculture productivity. Though, initially 
soil and crop responded well due to poor resource management during 
subsequent period, the decline in crop yield as well as soil health has 
continued to persist till today. Intensive agricultural practices have 
resulted in numerous problems like micro nutrient deficiencies, nutrients 
imbalances, deterioration of soil health and decline crop yield. No single 
source of nutrient is capable of supplying plant nutrients in adequate 
amount and in balanced proportion. Not only this, but also fertilizers are 
more expensive in developing countries. Therefore, the current trend is to 
explore the possibility of supplementing chemical fertilizers with organic 
and biofertilizers. Organic manures have all the essential elements but 
their content is too low to satisfy the need of the fast growing and high 
yielding varieties of crops. 
Biofertilizers can only add nitrogen and increase native 
phosphorus availability to some extent. Chemical fertilizers are main 
suppliers of major plant nutrients (N, P and K). Therefore, the rational 
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and practical means to maintain soil fertility and to supply plant nutrient 
in balanced proportion, is to practice integrated plant nutrients supply 
through the combined use of organic, chemical and biological sources of 
plant nutrients. 
The use of organic manures holds prestigious position with 
the farmers since long back. The organic manures play an important role 
in crop production. It acts on the soil physically, chemically and 
biologically in many beneficial ways. Physically, organic matter 
promotes, formation of soil crumbs that make the soil friable and thereby 
facilitate the proper movement of air and water and absorption of 
rainwater. Chemically, organic manures add nutrients and organic 
compounds to the soil while going under decomposition. Biologically, 
organic manures provide food for the beneficial soil microorganisms.  
Biofertilizers are microbial inoculants of selective 
microorganisms like bacteria, algae, fungi already existing in nature. 
They may help in improving soil fertility by way of accelerating 
biological nitrogen fixation from atmosphere, solubilization of the 
insoluble nutrients already present in soil, decomposing plant residues, 
stimulating plant growth and production. The process is slow, consumes 
less energy and provides cheep nutrient to agriculture without polluting 
the nature.  
The seed inoculation with Rhizobium increases nodulation, 
influences seed yield and economies the input cost of fertilizers to some 
extent and protects against chances of soil deterioration and 
environmental pollution caused by heavy use of chemical fertilizers. The 
efficient strains of Rhizobium can fix about 90 kg of nitrogen per hectare 
in one season and enrich soil nitrogen (Gupta and Prasad, 1982). 
Most of the soils of Saurashtra region are calcareous in 
nature, possessing high activity of calcium. Soils containing free calcium 
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carbonate and clays saturated with calcium ions are capable of retaining 
greater amount of phosphorus. So most of the applied phosphorus is fixed 
in the soil. Several phosphate solubilizing microorganisms have the 
consistent capacity to increase the availability of phosphate to plants not 
only by mineralizing organic phosphorus compound but also by rendering 
inorganic phosphorus compound more available to plants (Arora and 
Gaur, 1979). Several soil bacteria, particularly those belonging to the 
genera Pseudomonas and Bacillus and fungi belonging to the genera 
Penicillium and Aspergillus posses the ability to bring insoluble 
phosphates in soil in to soluble forms by secreting organic acids such as 
formic, acetic, propionic, lactic, glycolic, fumaric and succinic acids. 
These acids lower the pH and bring about the dissolution of bound forms 
of phosphate (Gaur and Ostwal, 1972). 
Pseudomonas striata bacterial inoculation was found 
equivalent to 50 kg P2O5 ha-1 through super phosphate (Gaur et al., 1980). 
Rawat and Sanoria (1976) for the first time reported 
synergistic effect of Rhizobium in gram. Very meager efforts have been 
made on developing integrated nutrient management system (INMS) 
involving the use of organic, inorganic and biological sources of nutrients 
for gram. The present investigation was carried out to study the “Effect of 
biofertilizers on growth and yield of gram (Cicer arietinum L.) var., 
Gujarat Gram-1” with the following objectives. 
(1) To find out the effectiveness of Rhizobium culture and phosphate 
solubilizing microorganisms in substituting the chemical fertilizers. 
(2) To find out the best effect of biofertilizer in combination with 
Nitrogen, Phosphorus and FYM for maximum production of gram. 
(3) To arrive at an economically viable conclusion for newly 
introduced Variety “Gujarat Gram-1” in North Saurashtra region of 
Gujarat state  (India).  
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II REVIEW OF LITERATURE  
 
 An attempt has been made to review the available literature 
concerning the present study entitled “Effect of biofertilizers on growth 
and yield of gram (Cicer arietimum L.) variety Gujarat Gram – 1”. The 
work done especially on these aspects of gram crop is very limited and 
hence similar works on other crops have also been included whenever felt 
necessary. A brief summary on research work done in the past by eminent 
scientists in India and abroad on related aspects has been highlighted and 
reviewed under the following broad topics. 
 
2.1 Effect of FYM 
2.2 Effect of biofertilizers 
2.3 Effect of chemical fertilizers 
2.4 Combined effect of FYM, biofertilizers and chemical 
fertilizers 
2.5 Economics  
 
2.1 EFFECT OF FYM 
 
 Soil organic matter is one of the most important natural 
resources. It plays a vital role in governing physical, chemical and 
biological properties of the soil (Chen and Avnimelech, 1986). FYM is 
the principal source of organic manures in our country. 
  
2.1.1 Soil nutrients  
 
 From the results of 36 years field experimentation at 
Southern Saskatchewan on black aero chernozemic clay soil, Campbell et 
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al. (1986) concluded that addition of organic manures increase the 
available N and P in soil. Rabindra and Gowda (1986) also reported that 
highest value for available phosphorus and potassium and total nitrogen 
were obtained for the FYM treatments. While Prasad and Singhania 
(1989) reported that manures enriched with nitrogen or phosphorus 
maintained higher level of available nitrogen and phosphorus in soil for 
longer period then chemical fertilizer alone. Grobbelear et al. (1989) also 
observed that soil N content was maintained at higher level for longer 
period at high N rate and with green manure crops.  
 Badanar et al. (1990) conducted an experiment on vertisol at 
Agricultural Research Station, Bijapur (Karnataka), during 1988. The 
results revealed that application of FYM 5 t ha-1 significantly increased 
organic carbon, available nitrogen, and phosphorus and potash status of 
soil over chemical fertilizer application. 
Patel et al., (1993) observed that application of FYM 
significantly reduced the EC of coastal sub soil of Metra (Gujarat) while 
ESP of surface layer was significantly increased with FYM application at 
shil (Junagadh). 
Singh et al., (2000) reported that farmyard manure 
application increased the soil available N from 229 to 239 kg ha-1 and 
available P2O5 from 8.7 to 13.6 kg ha-1 in arhar. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that available nitrogen, phosphorus and potash status in soil after 
harvest of pigeonpea were significantly increased due to application of 
FYM 5 t ha-1 over control. 
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2.1.2 Plant growth characters 
 
During the investigation on pigteonpea at Dharwad, 
(Karnataka), Rao and Dart (1980) observed that application of FYM 
inhibited 10 per cent root nodulation but increased root and shoot weight 
in the Alfisol and Vertisol soil.  
Mustard and sunflower crops showed positive response in 
terms of dry matter yield to FYM application @ 10 t ha-1  (Dravid amd 
Goswami, 1988). Similar findings were also observed Khajanchilal and 
Dravid (1990).  
In the investigation during rabi summer season of 1983-84 
to 1985-86, Agasimani and Hosmani (1989) observed that application of 
FYM to peanut significantly increased the plant height and number of 
branches per plant.  
Chawale et al., (1993) reported positive effect of FYM on 
length of main shoot, branches per plant and dry matter of root in summer 
groundnut. However, Mehta (1993) found non-significantly effect of 
FYM on peanut in respect of plant height, plant spread, branches per 
plant and dry weight of plant. 
From the results of a field experiment conducted on ‘DPP 
68’ vegetable pea during summer of 1995 and 1996 in cold descent soil 
of Himachal Pradesh, Parmar et al., (1998) reported that the 
superimposition of FYM @ 10 t ha-1 significantly increased the plant 
height and nodules per plant as compared to control. 
While working with groundnut on Lithic Ustorthent soil 
under rainfed condition, Patil et al., (1998) observed that nodulation 
increased with 2.5 t FYM ha-1. 
While working with pigeonpea on clayey soil at Junagadh 
(Gujarat) condition. Patil (2002) observed that plant growth parameters 
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such as plant height and number of branches per plant at harvest 
significantly increased with 5 t ha-1 FYM. 
 
2.1.3 Yield attributes and yield 
 
In a field trial at Hazaribagh (Bihar), Sarkar et al., (1997) 
observed that application of FYM 10 t ha-1 significantly increased the 
yield attributing characters such as pods per plant, seeds per pod, 1000 
seed weight and grain yield of pigeonpea (17.6%) higher over no 
farmyard manure. 
From the results of field experiments conducted during rainy 
season of 1990 to1993 at Junagadh on medium black soil, Malavia et al., 
(1998) reported that addition of 15 t FYM ha-1 significantly increased the 
pod and haulm yields of groundnut over control.  
Parmar et al. (1998) conducted field trials during summer 
season of 1995 and 1996 on vegetable pea in cold desert soils of 
Himachal Pradesh and reported that superimposition of FYM (10 t ha-1) 
significantly increased the pods per plant and green pod yield of pea crop 
compared to control. 
While working on blackgram during rainy season of 1994-95 
and 1995-96 on sandy soil, Tomar (1998) observed that addition of FYM  
(5 t ha-1) gave significantly higher yield and yield attributes as compared 
to control. 
Singh et al., (2000) conducted field experiment for three 
years on black clay soil under rainfed condition and reported that 
application of FYM improved the yields of arhar by 16.6 per cent over 
NPK alone.  
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
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reported that application of FYM 5 t ha-1 significantly increased yield and 
yield attributes such as number of pods per plant, grains per pod, weight 
of grains per plant and test weight. 
 
2.1.4 Quality parameters 
 
Tiwari et al., (1995b) conducted an experiment on gram at 
Sehore, Madhya Pradesh. They concluded that soil moisture at 0-60 cm 
depth was highest with 5 t FYM and 5 t pressmud, whereas, protein 
content was highest with 4t FYM and 4t pressmud applied to the previous 
crop. 
Results of the field experiment conducted at Indore (M.P.) 
on soybean, Sharma and Misra (1997) indicated that seed protein content 
and estimated protein yield were significantly increased with 6 t FYM ha-
1 as compared to control. 
Patil (2002) conducted an experiment on pigeonpea at 
Junagadh, Gujarat. He concluded that protein content was the highest 
with 5 t FYM    ha-1. 
 
2.1.5 Nutrient concentration and uptake   
 
A field experiment was carried out to study the response of 
farmyard manure on nutrient uptake by pigeonpea, Rao and Dart (1980) 
found that application of FYM significantly increased the N and P uptake 
in the Alfisol and Vertisol soils. 
In a field experiment during rainy and winter season of 
1991-1992 in Tamil Nadu on red sandy loam soil, Balasubramaniyan 
(1997) reported that addition of 12.5 t FYM ha-1 resulted in higher N, P 
and K uptake by groundnut crop. 
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Ghosh (1997) conducted a field experiment on calcareous 
soils of Junagadh (Gujarat) during summer 1995 on groundnut cv J-11. 
The result revealed that N uptake by the crop was highest with 10 t FYM 
ha-1.  
While working on soybean at Indore (M.P.), Sharma and 
Mishra (1997) observed that uptake of N, P, and K by the crop were 
significantly increased with 6 t FYM ha-1 as compared to control. 
Parmar et al., (1998) conducted a field experiment during 
summer seasons of 1995 and 1996 on vegetable pea in cold decent soils 
of Himachal Pradesh. The results revealed that uptake of N, P, and K was 
significantly increased with increase in dose of FYM as compared to 
control. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that content and uptake of nitrogen, phosphorus and potassium 
by grain as well as stover  were significantly increased with 100 % RDF 
ha-1  i.e.25: 50 : 0 N : P2O5 : K2O ha-1. 
An experiment was conducted at College of Agriculture, 
Bijapur to study the effect of integrated use of organic manure, green 
manure and fertilizer N on nutrients status of soil and productivity of 
sorghum- chickpea system. The result indicated that the organic carbon 
and available N status declined with application of fertilizer N alone and 
increased with conjunctive use of fertilizer N and organic manure. The 
combined application of organic and inorganic N sustained the 
productivity soil available nutrients like N, P and K increased 
significantly with the application of various organic sources of nutrients 
in combination with fertilizers over the fertilizer alone. The highest grain 
yield of rabi chickpea was obtained 50% N through green manure + 50% 
fertilizer N ( Tolanur and Badanur, 2003).  
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Thus aforesaid reviews showed that farmyard manure 
evoked positive response in number of field crops. However, results are 
not consistent. Besides improved growth parameters, yield attributes, 
quality characters and yield it was also found to increase uptake of 
nutrients by crops and nutrient availability in soil.  
 
2.2 EFFECT OF BIOFERTILIZERS 
 
The involvement of bacteria mediated nitrogen fixation in 
plant has been recognized as an unquestionable natural input for legume. 
Seed inoculation with suitable strain of Rhizobium can increase the yield 
of cowpea by enhancing nodulation and response for this practice 
depends upon the soil conditions and native form of the soil. 
Phosphate solubilizing micrograms included different groups 
of microorganisms such as bacteria and fungi, which convert soluble 
inorganic phosphatic compounds in to soluble form. The species of 
Pseudomones Micrococus, Bacillus, Flavobacterium, Pericillium, 
Fusarium, Sclerotium, Aspergillus and others have been reported to be 
active in this bioconversion. These organisms not only assimilate the 
phosphorus but they also cause a large protein of soluble phosphate to be 
released in quantities in excess of their own requirement. Microbial 
solubilization of inorganic and organic phosphate compounds has been 
extensively studied under Indian conditions (Gaur and Ostwal, 1972). 
Therefore, one of the approaches could be to increase the number and 
activity of efficient phosphorus solubilizing microorganisms in the root 
zone of plants by use of microbial inoculants for increases phosphorus 
availability to the plants from the soil as well as added phosphate. 
Kanwar et al. (1982) concluded during research study of 
phosphorus management of Indian soils that the soluble phosphates are 
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converted into insoluble form in acidic and natural to alkaline soil, the 
microorganisms play a significant role in mobilizing, the soil P for the 
use of plant by bringing about changes in pH of soil, micro environment 
and by producing chelating substances, which lead to the solubilization of 
native as well as added soluble phosphate. In addition to increase in 
available P of the soil phosphate solubilizing microorganism synthesized 
all three types of plant hormones viz., IAA, Gibberellins and Cytokinin 
that stimulated plant growth (Barea et al., 1976 and Sattar and Gaur, 
1987).  
Azotobacter in free living nitrogen fixer, however in plant 
Rhizosphere due to availability of various readily utilizable carbon 
compounds, the bacteria are considered to be advantage for plant growth 
and yield. Biofertilizers which are preparation of efficient nitrogen fixing, 
P solubilizing or cellulose decomposing microorganisms, when applied to 
seed or soil enhances availability of nutrients to plant providing an 
economically viable and ecological sound means of reducing external 
input of chemical fertilizers (Gupta and Pandhar, 1996). 
  
2.2.1 Soil Nutrients 
 
Banik and Dey (1982) conducted a pot culture study at 
Calcutta. From the result of the trial they reported that available P of the 
soil increased by addition of rock phosphate inoculated with phosphate 
solubilizing bacteria. Similarly increased P in soil due to phosphate 
dissolving microbes was also noted in laboratory trial (Singh et al., 1984). 
While working on Rhizobium culture and its role in Kharif 
pulses Gupta and Prasad (1982) concluded that the efficient strains of 
Rhizobium could fix about 90 kg of nitrogen per hectare in one season 
and enrich soil nitrogen. 
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 From the results of a field experiment on summer cowpea 
Sairam et al. (1989) reported that inoculation with Rhizobium culture 
significantly increased the available soil N than prier to sowing soil 
status. 
 In contrary phosphatic biofertilizer did not produce any 
significant influence on available P2O5 in soil after harvest of peanut 
(Mehta, 1993) and on available N and P2O5 after harvest of wheat crop 
(Patel, 1993b). Patel (1993b) conducted a field research trial to find 
out the effect of Azotobacter and P solubilizing biofertilizer on wheat 
crop at Junagadh. He reported that PSM significantly increased the 
available P content in soil after harvest of the crop. 
 The bacterial species Pseudomonas and Bacillus have 
capacity to solubilize native P due to secretion of organic acids. From the 
result of field studies conducted at Junagadh on peanut crop, Asodariya 
(1994) reported that phosphobacterial inoculation significantly increased 
the available P content of soil after harvest of the crop while available N 
content was increased with combined inoculation of Rhizobium and 
Phosphobacteria. Similarly, Patel (1994) reported that mustard seed 
inoculated with phosphate solubilizing microorganism significantly 
increased available phosphorus content of soil after harvest. Same effect 
was also observed by (Detroja et al. (1995) in groundnut crop and they 
reported that groundnut seed treated with Pseudomonas inoculums saved 
25 per cent fertilizer P. 
  In field studies at Junagadh Dudhagara (1995) observed that 
available N and P2O5 content in soil after harvest the crop increased 
slightly when seed was treated with Rhizobium spp.  
Mudalagiriyappa et al. (1997) while working at Dharwad 
(Karnataka) on groundnut noticed a positive balance of available 
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phosphorus with inoculation of P. solubilizer (Pseudomonas striata and 
Aspergillus awamori). 
From the result of a field experiment conducted at New 
Delhi on sandy loam soil in chickpea, Reddy and Ahlawat (1998) find out 
that dual inoculation of Rhizobium and Phosphate-solubilizing bacteria 
(PSB) gave the highest bacterial count in rhizosphere. Rhizobium alone 
also recorded higher available soil N at harvest than no fertilizer. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that seeds inoculated with biofertilizers (Rhizobium and P. 
striata) significantly improvement in available N and P2O5 status in soil. 
              
2.2.2 Plant growth charaters  
 
Palarpwar (1983) observed 30 per cent more germination of 
wheat crop with Azotobacter inoculation. Similarly, from Anand 
(Gujarat), it is reported, that plant height, grain per spike and length of 
spike of wheat crop was increased (Anonymous, 1984). 
Raju and Verma (1984) conducted an experiment on green 
gram at Banaras Hindu University, Varanasi during summer season 
observed that the number of branches per plant increased by inoculation 
with Rhizobium culture. 
Sawashe and Patil (1984) while working at Pune on gram 
reported that number of nodules, fresh and dry weights of nodules were 
increased significantly with Rhizobium culture over no Rhizobium 
inoculation. 
Ram et al. (1985) also observed favourable effect of 
Azotobacter on number of tillers per plant in wheat crop. 
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Thakur and Negi (1985) conducted an experiment at the 
Department of Agronomy, Palanpur. They noticed that inoculation of 
black gram seed with Rhizobium strain increased number of primary and 
secondary branches per plant. It also increased the number of nodules per 
plant. 
Algawadi and Gaur (1988) reported that single inoculation 
of Rhizobium and combined inoculation of Rhizobium with P. striata, 
showed significantly more nodules over control in chickpea. Similar trend 
was observed in case of dry weight of nodules. 
Sharma et al. (1989) while working at J.N.K.V.V. College 
Rewa (M.P.) reported that inoculation of gram seed with Rhizobium had 
significantly increased plant height, number of branches and root nodules 
per plant.  
Vanparia (1991) conducted a field experiment on medium 
black soil of Junagadh (Gujarat) during rabi season of 1990-91 on gram. 
He reported that seed inoculation with Rhizobium culture did not prove to 
be effective in increasing growth characters viz; plant height and plant 
spread. However, Rhizobium culture increased number of nodules per 
plant at different growth stages remarkably, but significantly increase in 
number and fresh and dry weight of nodules was recorded only at 60 and 
70 days after sowing. 
Raut et al. (1992) reported that the nodulation in gram is 
seen at 15 days interval and its formation was increasing up to 60 days 
and 75 days in case of control and treated plot respectively. This clearly 
indicated that the prolonged nodulation in case of treated plots. The 
highest number of nodules and dry weight of nodules were observed with 
treated plants. Moreover, the nodulation had a profound effect on growth 
and development of the crop.   
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Shinde and Saraf (1992) conducted a field experiment at 
I.A.R.I., New Delhi during rabi 1987-88 and 1988-89 and reported that 
inoculation of chickpea seeds with P solubilizing microorganisms 
resulted in good nodules formation.  
Singh and Kapoor (1992) conducted a pot experiment at 
Hisar (Haryana Agricultural University) on sandy soil and reported that 
inoculation of mungbean seeds with different strains of phosphorus 
solubilizing bacteria significantly increased dry matter production over 
control. 
Ardeshna et al. (1993) showed that inoculation with 
Rhizobium on green gram increased plant height (36.38 cm), number of 
branches per plant (3.90) and root nodules (15.63).  
Chovatia et al. (1993) conducted an experiment at Gujarat 
Agricultural University, Navsari during summer season. They revealed 
that Rhizobium inoculation on green gram significantly increased the 
growth and nodulation. 
Patel (1993b) from the result of an experiment conducted 
during rabi 1991-92 on clayey soil with wheat crop at Junagadh 
(Gujarat). He reported that seed treated with P solubilizing 
microorganisms did not show any significant effect on dry matter yield 
per plant at 45 days after sowing and at harvest over control. 
Prajapati (1993) while working at Junagadh  (Gujarat) 
observed increased plant height and dry matter production per plant in 
pear millet crop when treated with phosphorus solubilizing 
microorganism. 
An experiment was conducted on clayey soil at Junagadh 
during Kharif season of 1992 with pigeonpea. Shah (1993) reported that 
inoculation of seeds with Rhizobium Spp. and Pseudomonas striata were 
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found statistically at par in respect of plant height and number of 
branches per plant but found significantly superior over control.  
Patel (1994) while working with mustard crop revealed that 
seed inoculation with phosphate solubilizing microorganism significantly 
increased plant height, dry matter production per plant and number of 
primary and secondary branches per plant.  
Haldar et al., (1997) at Semiliguda (Orissa) observed that 
Azotobacter inoculation markedly increased capitula per plant, seed per 
captulam over no inoculation in niger. 
From the result of an experiment conducted on soybean at 
Akola (Maharashtra) Honale (1997) observed that PSM culture seed 
inoculation showed favourable effect on plant height and number of 
branches per plant. The same trend was also observed under investigation 
carried out by Pawar (1998) at Akola on pigeonpea. 
Singh and Misra (1998) carried out an investigation at 
Lakhaoti (U.P.) on pigeonpea. They reported that the dry matter 
accumulation and number of nodules per plant were significantly 
increased with Rhizobium inoculation. 
During their experimentation at Selone (M.P.), Gupta and 
Namdeo (1999) observed that Rhizobium inoculation increased number of 
nodules and its dry weight as well as shoot dry weight over uninoculation 
in pigeonpea. 
While working at Junagadh (Gujarat) during Kharif 1992 on 
clayey soil with pigeonpea cv. BDN-2, Shah and Chaniyara (2001) 
reported that Rhizobium inoculation significantly increased plant height 
and root nodules per plant. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that pigeonpea seeds inoculated with biofertilizers (Rhizobium 
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and P. striata) significantly increased the growth parameters viz., Plant 
height, number of branches at 30, 60 and 90 DAS. 
   
2.2.3 Yield attributes and yield  
 
Jagdale et al., (1980) conducted a field experiment at Rahuri 
(Maharashtra) and reported that Rhizobium inoculation increased number 
of pods per plant and grain yield of gram. 
Raju and Verma (1984) from the result of an experiment 
conducted at Banaras Hindu University, Varanasi during summer season 
revealed that increased in grain yield of green gram by 12 per cent over 
uninoculation. 
A pot experiment was carried out at Kanpur, Singh and 
Gupta (1985) reported that Rhizobium inoculation significantly 
influenced grain and straw yield of gram. Similar, result was also 
obtained by Nagrajan et al. (1985) in gram at Coimbtore. 
Shaktawat (1988) while working at Durgapur (Jaipur) during 
Kharif on cowpea reported that grain yield was significantly increased by 
Rhizobium inoculation. Average grain yield increased due to inoculation 
treatment was 6.9 per cent over control. 
Sharma et al. (1989) while working at J.N.K.V.V. College, 
Rewa (M.P.) reported that an inoculation gram seed with Rhizobium was 
found highly beneficial with respect to yield attributes and yield of gram. 
Singh et al. (1989) reported higher number of pods/plant, 
number of grains/pod and pod yield of cowpea in seed treated with 
specific strain of Rhizobium as compared to untreated control. 
Patel and Patel (1991) while working at Navsari (Gujarat) 
reported that inoculation of gram seeds with Rhizobium was found highly 
beneficial with respect to yield and yield attributes of gram. 
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Vanparia (1991) conducted a field experiment during Rabi 
season of 1990-91 at Junagadh (Gujarat). He reported that Rhizobium 
inoculation to gram seeds improved yield attributes viz; number of pods 
per plant, grain yield per plant, test weight and grain and straw yield.  
Shah (1993) while working at Junagadh during Kharif 
season of 1992-93, reported that application of Rhizobium spp. as well as 
P. striata significantly increased the number of pods per plant, number of 
grains per plant, test weight, grain and straw yield of pigeonpea over 
control. Similar, results were also obtained by Tomar et al. (1993) in 
black gram at J.N.K.V.V. (M.P.). 
A series of field experiments were conducted at Junagadh to 
study the response of groundnut to phosphobacteria. From the results 
Asodariya (1994) reported that test weight, harvest index and pod yield 
were increased with phosphobacteria inoculation.  
Detroja (1994) conducted an experiment during summer 
season. He reported that number of pods per plant, number of grains per 
pod, test weight and grain yield of groundnut was increased due to 
inoculation with phosphobacteria. Likewise, Mehta et al. (1996) and 
Detroja et al. (1997) observed increased pod yield due to phosphobacteria 
over no inoculation. In another study, PSM inoculation to soil was found 
to reduce the fertilizer dose to the extent of 50 per cent, while, PSM 
inoculations to kernel in combination with fertilizer dose increased the 
pod yield and net realization over fertilizer dose alone (Anonymous, 
1997). 
Honale (1997) conducted an experiment on soybean at 
Akola. The results revealed that PSM culture seed inoculation showed 
favourable effect on yield attributes such as number of develop pods per 
plant and test weight and that resulted into significant increase in seed 
yield per pod, seed yield per plant and seed yield per hectare. 
 
                                                                                               Review of Literature                    21 
 
Pawar (1998) carried out a field experiment on pigeonpea at 
Akola. The results revealed that the PSM culture seed inoculation showed 
favourable effect on seed per pod, test weight and grain and folder yield. 
The increased in grain yield was 7.62 per cent over no seed inoculation. 
While working on pigeonpea, Singh et al. (1998) observed 
that seed inoculation with Rhizobium significantly increased the pods per 
plant, seeds per pod, grain weight per plant, 1000 seed weight and grain 
and stover yields as compared to control. 
Namdeo and Gupta (1999) conducted a field experiment at 
Sehor (M.P.) to study the efficacy of biofertilizer on pigeonpea. They 
reported that seed inoculation with phosphobacteria produced 9.9 per cent 
higher grain yield as compared to 100 per cent recommended fertilizer 
rate alone. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that pigeonpea seeds inoculated with biofertilizers (Rhizobium 
and P. striata) significantly increased yield attributies like number of 
pods per plant, grains per pod, grain yield per plant and test weight of 
pigeonpea. Significantly the highest grain (1279 kg ha-1) and stover 
(2697 kg ha-1) yields were also reported by seed inoculation with 
biofertilizers. 
 
2.2.4 Quality parameters 
 
From the result of an experiment conducted at Agricultural 
Research Station Bhubaneswar on sandy loam soil, Sahu and Bohera 
(1972) revealed that Rhizobium inoculation significantly increased 
protein content in grains of cowpea. It was 25.3 per cent under control 
treatment and it increased to 28.3 per cent with Rhizobium inoculation. 
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Raju and verma (1984) reported that Rhizobium inoculation 
increased the protein content of grains of greengram as compared to no 
inoculation. 
While working at Dhod (Gujarat), Patel et al. (1986) 
reported that Rhizobium inoculation in gram markedly influence protein 
content. Similar, results were also obtained by Sairam et al. (1989) in 
summer cowpea.  
From the result of an experiment carried out at Junagadh 
(Gujarat), Vadavia (1988) reported that seed treatment with bacterial 
culture did not exert enhancing effect on protein content in gram.  
Patel and Patel (1991) conducted field experiment during 
rabi season of 1987-88 at Navsari (Gujarat). They reported that 
Rhizobium inoculation in gram proved better than the control in respect of 
grain quality i.e. protein content. 
Experimenting at the Instructional Farm, Gujarat 
Agricultural University, Junagadh, Mehta (1993) observed significantly 
higher protein content in seed of groundnut due to phosphatic biofertilizer 
inoculation. 
While working at Junagadh (Gujarat), Shah (1993) reported 
that pigeonpea seeds inoculated with P. striata gave significantly higher 
grain protein than uninoculated. 
In microbial studies at Junagadh, phosphatic biofertilizers 
have increased protein content in pearl millet (Prajapati, 1993) and in 
mustard (Patel, 1994). 
While experimenting at Junagadh, Asodariya (1994) noted 
that PSM significantly increased test weight but remained ineffective on 
protein and oil content of peanut. On the other hand positive results were 
obtained by Dudhagara (1995) in gram crop. 
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From the results of an experiment conducted at Gujarat 
Agricultural University, Junagadh, Detroja, (1994) reported that protein 
content was increased significantly due to the phosphobacterial treatment 
in groundnut. 
Mehta et al. (1996) observed significantly higher protein 
content in kernel of peanut due to phosphatic biofertilizer inoculation.  
Singh et al. (1998) observed that Rhizobium inoculation 
significantly increased the protein yield (16.39 q ha-1) as compared to 
control. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that pigeonpea seeds inoculated with biofertilizers (Rhizobium 
and P. striata) significantly increased protein content and protein yield. 
 
 
 
2.2.5  Nutrient concentration and uptake     
 
From the results of a field trial conducted at Bangalore, 
Manjunath and Bhagyaraj (1984) reported that inoculation with 
Rhizobium strain increased the nitrogen and phosphorus content in 
cowpea grain. 
Raju and Verma (1984) observed significant increased in 
nitrogen uptake by greengram due to the Rhizobium inoculation. Nitrogen 
content was also found superior under the same treatment. 
Gaur (1985) conducted an experiment on chickpea on 
Sunday loam soil of Delhi. He found that N and P uptake was favorably 
influenced due to inoculants with PSM. 
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Sairam et al. (1989) conducted a field experiment during the 
summer season of 1982 on cowpea. They reported that the application of 
Rhizobium inoculation to seeds resulted in an increase in N and P uptake 
as compared to control.  
Manjunatha and Devi (1990) at Banglore observed 
significant increase in P uptake by groundnut due to Pseudomonas striata 
inoculation. 
An experiment conducted at Rajasthan during rainy season. 
The results revealed that Rhizobium inoculation had no effect on nutrient 
content and uptake by cowpea (Mundra and Bhati, 1991). 
A field experiment was conducted on medium black soil of 
Junagadh (Gujarat) during rabi season of 1990-91. Vanparia (1991) 
reported that gram seed inoculation with Rhizobium did not show any 
perceptible effect on uptake of N and P.  
Mehta (1993) concluded that the total uptake of nitrogen, 
phosphorus and potash by groundnut were increased by the use of 
Pseudomonas striata and Pacieliomyces fussisporus. 
 
While working at Junagadh (Gujarat) with pigeonpea Shah 
(1993) observed that pigeonpea seeds inoculated with P. striata 
significantly increased N and P uptake. 
Asodariya (1994) did not found remarkable effect of 
phosphobacteria on N and P uptake by groundnut. 
Detroja (1994) while working on groundnut at Junagadh 
found that seed treatment of P. striata microbial culture resulted in 
significant increase in P uptake by the crop. 
Mehta et al. (1996) found that seed inoculation with P. 
striata resulted in higher N, P and K uptake by kernel and haulm of 
groundnut over no inoculation.  
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Dubey (1997) while working at Sehore (Madhya Pradesh) on 
soybean crop found that inoculation of Bradyrhizobium japonicum and P. 
striata increased N and P content. 
While working with pigeonpea cv. ICPL 87 at Lakhaoti 
(U.P.), Rana et al. (1998) observed that seed inoculation with Rhizobium 
significantly increased the N and P content as well as their uptake by 
grain and straw as compared to control. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that pigeonpea seeds inoculated with biofertilizers (Rhizobium 
and P. striata) significantly increased content and uptake of N, P, and K 
in grain as well as stover was significantly increased.  
It can therefore be summarized on the basis of review 
discussed above that there is considerable scope of reduction in dose of 
chemical fertilizer by use of effective strain of biofertilizers. However, 
studies are warranted before some recommendation on biofertilizers with 
fertilizer use and made available according to crop requirement to 
farmers. 
  
2.3 EFFECT OF CHEMICAL FERTILIZERS 
2.3.1 Soil nutrients 
2.3.1.1 Soil nutrients as influenced by nitrogen application 
 
Verma et al. (1987) conducted a long term experiment on 
sandy loam soil at Masodha (Faizabad) with wheat. Results revealed that 
maximum decrease in available nitrogen by about 25 per cent was noted 
in no nitrogen plots. The decreasing trend in depletion of available 
nitrogen was found with increased N levels in surface and sub surface 
soil.  
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While working at Udaipur (Rajasthan) on clay loam soil, 
Khanpara (1989) reported that application of nitrogen did not influence 
the available N, P and K contents of soil after harvest the mustard crop.  
Upadhyay et al. (1991) conducted a field study on a sandy 
loam soil at Research Farm, Kanpur during Kharif season of 1981 and 
1982 with black gram. They reported that the effect of N application was 
significant in respect of total and organic phosphorus during the first year 
only. 
An experiment was conducted on clayey soils of Junagadh 
during Kharif season of two 1999 and 2000 on groundnut, Rao (2001)  
reported that that available N, P and K were significantly increased with 
100 % RDF + IBA @ 50 ppm + urea (1 %) spray at 40 and 60 DAS.  
From the results of the experiments were conducted at 
farmers plot of Birbhum district of West Bengal, India during winter 
season of 1998-99 Puste et al. (2001) reported that seed yield of pulses 
(lentil, gram and lathyrus) were more pronounced in the treatment 
inoculated with Rhizobium with a saving of 42.6 to 48.4 Kg N ha-1. They 
also concluded that the combined application of inorganic and organic N 
in a 75:25 ratio is a superior N-management practice with regards to crop 
yield as well as improvement of soil fertility. 
An experiment was conducted on clayey soils of Junagadh 
during Kharif season of two 1999 and 2000 on groundnut, Rao (2001)  
reported that available N, P and K were significantly increased with 100 
% RDF + IBA @ 50 ppm + urea (1 %) spray at 40 and 60 DAS. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that available N, P and K were significantly increased with 25 kg 
N ha-1.    
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2.3.1.2. Soil nutrient as influenced by Phosphorus application  
 
Chahal et al. (1982) carried out a long term field experiment 
at HAU, with Bajra-wheat cropping sequence on sandy loam soil. From 
the results they reported that application of phosphorus decreased the 
available N status from the initial status.  
 Verma et al. (1987) while working at Masodha, Faizabad on 
rice-wheat cropping system reported that decreased available P in the 
surface soil was more in the plots where no phosphorus was given as 
compared to those receiving phosphorus. Maximum decrease of 48.8 % 
was in control plots; minimum being 18.9 % in the plot supplied with 60 
kg P2O5 ha-1.  
Upadhyay et al. (1991) carried out a field study on a sandy 
loam soil at the research farm, Kanpur on black gram. They reported that 
P status of the soil tended to increase due to phosphorus application but 
the result was not significant. Liberation of strong acids from applied 
super phosphate and its consequent dissolution effect, might be one of the 
reasons for increased availability of P in the soil. 
An experiment was conducted on clayey soils of Junagadh 
during Kharif season of two 1999 and 2000 on groundnut, Rao (2001) 
reported that that available N, P and K were significantly increased with 
100 % RDF + IBA @ 50 ppm + urea (1 %) spray at 40 and 60 DAS. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that available nitrogen, phosphorus and potash status in soil were 
significantly increased in levels of recommended dose of fertilizers. 
However, the highest vlues of these parameters were recorded at 100 % 
RDF ha-1  i.e.25: 50 : 0 N : P2O5 : K2O ha-1.  
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2.3.2 Plant growth characters 
2.3.2.1 Effect of nitrogen  
 
A pot experiment was conducted on Bengal gram during 
rabi season with four levels of nitrogen application viz., 0, 50, 100 and 
150 kg ha-1 which were thoroughly incorporated in the soil. From the 
results Sundaram (1979) revealed that with increase in the nitrogen level 
of the soil, the nodulation was significantly reduced. Maximum number 
of nodules was recorded at o (Zero) nitrogen level as well as at 50 kg Na 
ha-1. Similarly, both these levels viz., 0 and 50 kg N ha-1 did not adversely 
affect the nodule weight, nitrogen activity and dry matter production.  
Whereas, the other nitrogen levels significantly reduced these parameters.  
Shrivastava and Verma (1982) from two year’s study on 
green gram at Varansi reported that nitrogen application at 15 kg ha-1 
resulted in a significant increase in number of green leaves as well as 
branches and dry matter per plant.  
Dobariya (1984) conducted an experiment on clayey soil 
during rabi 1982-83 at Junagadh (Gujarat) on gram. The results revealed 
that application of 40 kg N ha-1 recorded remarkably higher plant height, 
plant spread and number of branches per plant. Similar, results were also 
reported by Parmar (1983) in gram at same location.  
From the result of an experiment conducted at Agricultural 
College farm, GAU, Navsari during summer season on clayey soil, Patel      
et al. (1984) concluded that a significant increase in fodder yield of green 
gram observed up to the 20 kg N ha-1. The highest number of 
branches/plant (7.6) was recorded under 30 kg N ha-1   but it was at par 
with 20 kg N ha-1.  
In order to evaluate the effect of nitrogen application, a field 
trial was carried out at the Palampur (HP). From the results, Thakur and 
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Negi (1985) found that the application of 20 kg N ha-1 recorded the 
maximum number of branches per plant (8.2) in blackgram.  
A field trial was conducted on a cultivator field near 
Faizabad (U.P.) during rabi 1984-885 and 1985-86 on sandy loam soil 
with gram. Khokar and Warsi (1987) reported that application of 18 kg N 
ha-1 gave maximum number of primary as well as secondary branches per 
plant, plant height and dry matter production per plant.  
Tank (1988) observed that the application of 20 kg N ha1 to 
greengram resulted in significantly the highest plant height and spread 
(33.17 and 31.08 cm, respectively) over 0 and 40 kg N ha-1.  
Adu and Nnadi (1990) showed that the application of starter 
nitrogen (30 kg N ha-1) to cowpea increase the number of nodules per 
plant and also increase the dry weight of nodules. Similarly in Banglore, 
application of N @ 25 kg ha-1 gave significantly higher number of 
branches (5.7) per plant over control in cowpea (Ramamurthy et al., 
1990) 
Ardeshna (1991) conducted an experiment on green gram at 
Junagadh (Gujarat) during Kharif season of 1990 with three levels of 
nitrogen (10, 20 and 30 kg ha-1). He reported that number of root nodules 
per plant decrease with increasing levels of nitrogen. Application of 10 kg 
N ha-1 resulted in a significantly higher number of root nodules per plant 
over 30 kg N ha-1. Similar, results were also obtained by Shah (1993) in 
pigeonpea and Ardeshna et al. (1993) in greengram at the same location. 
In order to evaluate the effect of nitrogen application on 
cowpea, a field trial was carried out at Junagadh during summer season. 
Kher et al. (1994) revealed that application of 20 kg N ha-1 recorded 
significantly highest plant height (35.5 cm) and plant spread (32.4 cm). 
Similarly, the same dose of nitrogen in the same crop proved significantly 
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superior in respect to number of branches per plant, leaves per plant, leaf 
area and number of nodules per plant at Bhubaneswar (Jena et al., 1995).  
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that fertilizing the pigeonpea crop with 75 and 100 % RDF ha-1  
i.e. 25: 50 : 0 N : P2O5 : K2O ha-1. were found equally effective but 
significantly superior over control in respect of plant height at harvest, 
number of branches over control.  
 
2.3.2.2 Effect of phosphorus 
 
From the green house study on sandy loam soil, Yadav and 
Shukla (1979) reported that number and dry weight of nodules of gram 
increased with application of phosphorus up to 50 ppm. 
Rao and Singh (1983) conducted a field experiment on sandy 
loam soil during rabi season of 1978-79 and 1979-80 under irrigation 
condition. They reported that application of 60 kg P2O5 ha-1 to gram 
significantly increased fresh weight of nodules per plant but it was at par 
with 40 kg P2O5 ha-1  at all stages of growth during both the years.  
From the results of a field experiment conducted at Junagadh 
during Rabi season of 1982-83 Dobariya (1984) concluded that 
application of 80 kg P2O5 ha-1 to gram significantly increased plant 
height, plant spread and number of branches per plant.  
From the results of an experiment conducted at Agricultural 
College Farm, GAU, Navsari on greengram, Patel et al. (1984) observed 
that increase in plant height and numbers of branches per plant were 
recorded at 60 kg P2O5 ha-1, but it was at par with 40 kg P2O5 ha-1. 
Goverdhansingh (1985) studied the response of summer 
cowpea to phosphorus application in Rajasthan. He concluded that 
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increased in the plant height, number of branches per plant and dry matter 
yield with increasing in phosphorus levels from 20 to 60 kg P2O5 ha-1.  
Roy and Tripathi (1985) conducted a field experiment on 
sandy loam soil at Turiamunibgarh (W.B.) with gram and reported that 
the maximum dry weight of nodules per plant was recorded with 
application of 75 kg P2O5 ha-1.  
From the results of an experiment conducted on cowpea at 
the College of Agriculture, Gwaliar, Jain et al. (1986) observed that 
increase in branches, leaves, fresh and dry weight per plant were recorded 
at 60 kg P2O5 ha-1. 
Increasing phosphorus rate (0 to 90 kg P2O5 ha-1) increased 
nodulation and dry matter production in cowpea. Dry matter yield were 
3.86, 4.35, 4.88 and 90 kg P2O5 ha-1, respectively (Sairam et al., 1989).  
A field experiment was conducted on sandy loam soil at 
Lakhooti (U.P.) during rabi season of 1987-88 with gram. Singh and 
Singh (1989) reported that application of 50 kg P2O5 ha-1 recorded better 
growth characters viz., plant height and primary branches per plant. 
Moreover, phosphorus application also improved the nodulation. Similar, 
results were also obtained by Parihar (1990) in gram at Kharagpur.  
While working at Bangalore during rainy season, 
Ramamurthy et al. (1990) reported that significant increase in straw yield 
of cowpea recorded under 25 kg P2O5 ha-1. The highest number of 
branches per plant (5.57) and leaf area (966.2 cm2/plant) was observed 
with 25 kg P2O5 ha-1.  
Higher number of nodules per plant and dry weight of 
nodules of cowpea were observed under the application of phosphorus @ 
17.2 kg ha-1 (Mali and Mali, 1991).  
An experiment was conducted at Jorhat during Kharif 
season. Thakuria and Ioikham (1991) observed that application of P to 
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cowpea significantly increased the nodules number and dry weight of 
nodules per plant up to 50 kg P2O5 ha-1. 
Thind et al. (1993) conducted an experiment at Ludhiana on 
cowpea. They reported that the highest dry matter production of cowpea 
was recorded with 90 kg P2O5 ha-1.  
The field experiment was conducted at Udaipur (Rajasthan) 
during rabi season of 1991-92. Enania and Vyas (1994) reported that the 
application of phosphorus to gram did not exert significant effect on the 
plant height and primary branches per plant. Maximum height and 
primary branches per plant were recorded at 25 and 50 kg P2O5 ha-1, 
respectively. Application of 50 kg P2O5 ha-1 produced significantly higher 
number of secondary branches per plant and dry matter production over 
control.  
Shivram and Ahlawat (2000) at New Delhi conducted a field 
experiment on sandy loam soil with pigeonpea. They reported that 
application of 75% of the recommended fertilizer dose significantly 
enhanced the growth attributes viz; plant height,  branches/plant and leaf 
area index of pigeonpea. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that fertilizing the pigeonpea crop with 75 and 100 % RDF ha-1  
i.e. 25: 50 : 0 N : P2O5 : K2O ha-1. were found equally effective but 
significantly superior over control in respect of plant height at harvest, 
number of branches over control.  
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2.3.3 Yield attributes and yield  
2.3.3.1 Effect of nitrogen  
 
Parmar (1983) conducted a field experiment at Pulse 
Research Farm, Gujarat Agricultural University, Junagadh on medium 
black soil with gram. He reported that yield attributes viz., number of 
pods per plant and number of seeds per pod did not differ materially 
under 20 and 30 kg N ha-1, but remarkably higher over lower levels of 
nitrogen whereas, 100 seed weight were significantly higher with 20 kg N 
ha-1 over rest of the N levels.  
A field experiment was conducted on the medium black soil 
of Junagadh (Gujarat). Dobariya (1984) found that fertilizing gram with 
40 kg N ha-1 recorded remarkably higher number of pods per plant, seed 
weight per plant and test weight. This level also recorded significantly 
higher seed and straw yield over rest of the lower levels of nitrogen. 
Harvest index recorded with 0 and 20 kg N ha-1 were statistically at par 
but significantly higher over 40 kg N ha-1.  
From the results of an experiments were tried at 7 sites in 
various parts of India on cowpea with three levels of N (0, 10 and 20 kg 
ha-1 ), Iyer and Vats (1985) reported that there was generally linear 
response to increasing nitrogen rate on yield.  
From the results of an experiment conducted at Varanasi to 
study the response of cowpea to three levels of nitrogen (20, 40 and 60 kg   
ha-1). Prasad (1985) reported that application of nitrogen did not 
significantly influence on grain yield and its attributes however, slight 
increase in test weight was observed. Rate of 20 kg N ha-1 as starter was 
found adequate for securing higher production of summer cowpea in 
Varanasi region of Uttar Pradesh.  
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A field investigation was conducted by Raj (1986) at Navsari 
(Gujarat) during summer season of 1983 on clayey soil to study the 
response of cowpea var. Pusa Phalguni to Rhizobium inoculation under 
graded level of N and P. From the result of this investigation, he 
concluded that application of 20 kg N ha-1 was found to be optimum with 
respect to yield and yield attributing characters.  
Singh and Khangarot (1987) carried out a field experiment at 
the College of Agriculture, Jobner during rabi 1982-83 and 1983-84 on 
sandy loam soil with gram and reported that application of nitrogen 
significantly enhanced yield attributes, grain and straw yields and harvest 
index as compared to no nitrogen in both the years except harvest index 
in 1982-83. The mean grain and straw yields over the seasons increased 
by 9.2 and 7.3 per cent due to 20 kg N ha-1 over no nitrogen. The increase 
in harvest index by nitrogen in 1983-84 may be attributed to a positive 
correlation between grain yield and total dry matter yield.  
Khokar and Warsi (1987) from Faizabad (U.P.) reported that 
application of nitrogen with 18 kg ha-1 significantly increased grain and 
straw yield of gram over control. The reasons for increase in grain yield 
was due to more number of pods per plant, number of grains per plant 
and higher 1000 grain weight. Similar, results were also obtained by Roy 
and Singh (1989) in gram from Bihar.  
A field experiment was conducted at GAU, Navsari during 
summer season. Three levels of nitrogen were tried on greengram. The 
results indicated that application of 10 kg N ha-1 with Rhizobium 
inoculation and application of 20 kg N ha-1 were at par but gave 
significantly higher yield and value of yield attributes over control. (Patel 
et al., 1988).  
A field experiment was conducted at the College Farm, 
Junagadh (Gujarat) on a medium black soil in rabi 1982-84 with gram. 
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From the results, Patel et al. (1989) concluded that the application of 
nitrogen at different levels (0, 15 and 30 kg N ha-1) significantly increased 
grain yield in all the three years. However, pooled data of nitrogen levels 
failed to affect the yield significantly. Fodder yield over the seasons also 
remained unaffected due to different levels of nitrogen.  
Adu and Nnadi (1990) observed that application of starter 
nitrogen (30 kg N ha-1) to cowpea crop did not significantly influence the 
grain yield.  
In order to evaluate the effect of nitrogen application on 
grain yield of cowpea. A field trial was carried out at University of 
Agricultural Science, Bangalore during early Kharif season. Ramamurthy 
et al. (1990) concluded that a significant increase in grain yield with 
increase in application of nitrogen up to 25 kg ha-1.  
While working at Junagadh (Gujarat) on pigeonpea cv BDN-
2, Shah and Chaniyara (2001) observed that application 40 kg N and 40 
P2O5 recorded higher grain and stover yield as compare to control. 
From the results of the experiments were conducted at 
farmers plot of Birbhum district of West Bengal, India during winter 
season of 1998-99 Puste et al. (2001) reported that seed yield of pulses 
(lentil, gram and lathyrus) were more pronounced in the treatment 
inoculated with Rhizobium with a saving of 42.6 to 48.4 Kg N ha-1. They 
also concluded that the combined application of inorganic and organic N 
in a 75:25 ratio is a superior N-management practice with regards to crop 
yield as well as improvement of soil fertility. 
While working at Junagadh (Gujarat) on pigeonpea cv BDN-
2, Patil (2002) observed that application 25 kg N and 50 P2O5 ha-1 
recorded higher grain (1406 kg ha-1) and stover (2627 kg ha-1) yield as 
compare to control. 
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2.3.3.2 Effect of phosphorus 
 
Javiya (1983) conducted an experiment on clayey soil of 
Junagadh (Gujarat) on gram crop and reported that application of 
phosphorus at 50 kg ha-1 gave significantly higher yield but it was 
remained statistically at par with 25 kg P2O5 ha-1. Similar, results were 
also observed by Patel et al. (1989) in gram at Junagadh.  
A field experiment was conducted at Junagadh (Gujarat) 
during rabi season of 1982-83 with gram. Dobariya (1984) reported that 
application of phosphorus significantly increased the grain yield and pods 
per plant as well as seed weight per plant up to 80 kg P2O5 ha-1 and the 
response was linear. Similar, results were also obtained by Roy and Singh 
(1989) in gram from Bihar. 
Srinivasa and Varma (1984) while working at Varanasi on 
sandy loam soil during rabi 1978-79 and 1979-80 with gram, reported 
that application of 60 kg P2O5 ha-1 produced significantly more number of 
filled pods, grain weight per plant and 100 grain weight in comparison 
with 40 and 20 kg P2O5 ha-1. Moreover, higher grain and straw yield per 
hectare were obtained with 60 kg P2O5 ha-1. The net return per unit of 
fertilizers was maximum at lower rate of 20 kg P2O5 ha-1.  
Jain et al. (1984) conducted an experiment at Research 
Farm, College of Agriculture, Gwalior during rainy season, tried four 
levels of phosphorus on cowpea (0, 20, 40 and 60 kg P2O5 ha-1). They 
observed that the maximum grain yield and higher values of yield 
attributes like number of pods per plant (19.4) and weight of pods per 
plant (12.91) were obtained when cowpea crop was fertilized with 40 kg 
P2O5 ha-1. 
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 Patel et al. (1984) summarized the results of an experiment 
carried out at Navsari during summer season. They reported that cowpea 
fertilized with 60 kg P2O5 ha-1 found significantly superior for number of 
pods/plant, grains per pod and grains yield, but it was at par with 40 kg 
P2O5 ha-1. 
From the results of a field experiment conducted at the 
College of Agriculture, Gwalior, Jain et al. (1986) found that yield and 
yield attributes viz., number of pods per plant, number of seeds per pod 
and green pod weight per plant of cowpea were affected significantly by    
80 kg P2O5 ha-1. 
.Singh et al. (1989) summarized the results of an 
investigation carried out during rainy season. They reported that cowpea 
fertilized up to 100 kg P2O5 ha-1 increased pod length, pod thickness, 
number of pods/plant, number of grains per pod and pod yield. The 
highest pod yield of 3.13 and 3.25 t/ha were obtained with100 kg P2O5 ha-
1 in 1984 and 1985, respectively.  
A field experiment was conducted on sandy loam soil at 
Lakhooti (U.P.) during rabi season of 1987-88 with gram. Singh and 
Singh (1989) reported that application of 60 kg P2O5 ha-1 recorded better 
growth characters viz., plant height and primary branches per plant. 
Moreover, phosphorus application also improved the nodulation. Similar, 
results were also obtained by Parihar (1990) in gram at Kharagpur. 
Pushpendrakumar and Singh (1990) reported that cowpea 
received phosphorus (0, 40, 80 and 120 kg ha-1) as a basal dressing. 
Green pod yield increased with increase in level of P up to 80 kg P2O5 ha-
1. 
Ramamurthy et al. (1990) while working at Bangalore 
during rainy season reported significant increase in grain yield of cowpea 
with increase in fertilizer application up to 25 kg P2O5 ha-1. Maximum 
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number of pod per plant (11.2) and grain yield (1220 kg ha-1) observed 
with 25 kg P2O5 ha-1. 
A field experiment conducted at Agricultural College Farm, 
Dapoli during summer season to study the response of phosphorus on 
cowpea. Gandhi et al. (1991) reported that application of 50 kg P2O5 ha-1 
produced more number of pods/plant and grain weight/plant, which 
attributes to significantly higher grain yield.  
Field experiment was carried out during rain season of 1987-
88 on clayey soil of Navsari (Gujarat) with gram. Patel and Patel (1991) 
reported that application of phosphorus markedly increased the grain 
yield upto 50 kg P2O5 ha-1. Prabhakar and Saraf (1991) also obtained 
similar results on sandy loam soil during 1984-85 in gram. 
Vanparia (1991) from the results of field experiment 
conducted at Junagadh (Gujarat) during rabi season of 1990-91 reported 
that the phosphorus fertilization in gram significantly increase the yield 
attributes viz., number of pods per plant, grain yield per plant and test 
weight. The highest grain and straw yield were recorded under 60 kg 
P2O5 ha-1 which were significantly higher over control and 20 kg P2O5 ha-
1 and remained at par with 40 kg P2O5 ha-1. 
Field experiments involving chickpea, lentil and pea were 
conducted during rabi season of 1985-86 and 1986-87 at I.A.R.I., New 
Delhi. Kumar et al. (1993) observed that 10 kg P2O5 ha-1 gave higher 
yield of grain over control in chickpea and pea during the second year. 
Whereas, 20 kg P2O5 ha-1 proved significantly superior to 10 kg P2O5 ha-1 
in both the years. Application of 30 kg P2O5 ha-1, however, reduced the 
yield of both the crops compared to 20 kg P2O5 ha-1, may be due to much 
more increased concentration of nutrient than required for growth and 
development of crops under present condition. Although in lentil, there 
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was an increase in grain yield with subsequent increment of levels of 
P2O5, but the difference did not reach the significant level.  
From the results of an experiment conducted at Dindori 
(M.P.) during Kharif season of 1986-87, Dubey and Namdeo (1994) 
concluded that applicationof 30 kg N along with 60 kg P2O5 ha-1 
produced significantly the highest yield and net return of pigeonpea Cv. 
UPAS-120  
Shivram and Ahlawat (2000) conducted a field experiment at 
New Delhi on sandy loam soil and reported that fertilizing pigeonpea 
crop with 100% recommended fertilizer dose significantly increased the 
pods per plant, seeds per pod, test weight and seed yield as compared to 
no fertilizer application. 
While working at Junagadh (Gujarat) on pigeonpea cv BDN-
2, Shah and Chaniyara (2001) observed that application 40 kg N and 40 
P2O5 recorded higher grain and stover yield as compare to control. 
While working at Junagadh (Gujarat) on pigeonpea cv BDN-
2, Patil (2002) observed that application 25 kg N and 50 P2O5 ha-1 
recorded higher grain (1406 kg ha-1) and stover (2627 kg ha-1) yield as 
compare to control. 
    
2.3.4 Quality parameters 
2.3.4.1 Effect of nitrogen 
 
Gupta and Singh (1982) reported that application nitrogen 
increased crude as well as true protein in gram. 
Javiya (1983) conducted an experiment at Junagadh 
(Gujarat) with gram and reported that application of nitrogen significantly 
increased protein content in grain.  
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Dobariya (1984) while working at Junagadh observed that 
protein content in grains of gram increased significantly with the 
application of 20 kg N ha-1. Similar trend was also observed by Patel and 
Patel (1991).  
Raju and Verma (1984) reported that protein content of 
green gram was increase significantly due to the application of 15 kg N 
ha-1.Similar trend was also observed by Ardeshna et al. (1993). 
Dudhagara (1995) reported that protein content (17.11 %) of 
gram was increase significantly due to the application of 20 kg N ha-1. 
 Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that proten content of pigeonpea was increase significantly due 
to the application of 25 kg ha-1. 
   
2.3.4.2 Effect of phosphorus 
 
Response of cowpea to phosphorus application was studied 
at Agricultural Research Station, Bhubaneswar.  From the results, Sahu 
and Bahera (1972) concluded that the protein content in grain of cowpea 
was 25.3 per cent under control and increased by 28.3 per cent due to P 
application at 40 kg P2O5 ha-1.  
Dwivedi and Singh (1982) from the results of a field 
experiment conducted during two consecutive rabi season of 1977-78 and 
1978-79 at Kanpur (U.P.) on gram. They reported that phosphorus-
increasing rate i.e. up to 60 kg P2O5 ha-1 had non-significant positive 
effect on methionnine and cystine concentration.  
The protein content of cowpea grain was not influenced by 
phosphorus application in Gawalior region of Madhya Pradesh (Jain et 
al., (1986).  
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From the results of field experiment conducted at Junagadh 
(Gujarat), Vadavia (1988) reported that application of 40 kg P2O5 ha-1 
markedly increased protein content of gram seeds. 
Singh and Ram (1990) conducted a field experiment in 
1981-82 at Varanasi and reported that application of 26 kg P2O5 ha-1 
increased seed protein content in gram but 39 kg P2O5 ha-1 decreased it. 
Patel and Patel (1991) from Navsari (Gujarat) reported that 
application of phosphorus up to 50 kg P2O5 ha-1 increased markedly the 
protein content in gram seed. 
Dudhagara (1995) reported that protein content of gram was 
increase significantly due to the application of 40 kg P2O5 ha-1. 
 Singh et al. (1998) conducted a filed trail at Lakhooti (U.P.) 
on pigeonpea and reported that 30 kg N and 80 kg P2O5 ha-1 increased 
significantly higher protein yield (g ha-1) as compared to control. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that proten content of pigeonpea was increase significantly due 
to the application of 50 kg P2O5 ha-1. 
 
2.3.5 Nutrient concentration and uptake  
2.3.5.1 Effect of nitrogen 
 
Dobariya (1984) conducted field experiment during rabi 
season of 1982-83 on medium black soil of Junagadh (Gujarat) with 
gram. He reported that the application of 40 kg P2O5 ha-1 increased the 
nitrogen and phosphorus uptake by seed and fodder. Higher available 
nitrogen under this level also resulted in higher N and P uptake. 
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Ssali and Keya (1985) reported that the total nitrogen uptake 
in cowpea increased with the increase in levels of nitrogen from 20 to 100 
kg N ha-1.  
Khanpara (1989) while working at Udaipur (Rajasthan) 
reported that the application of nitrogen to mustard crop significantly 
influenced N, P and K content in stover. Total uptake of N, P and K was 
significantly increased with successive increase in nitrogen levels from 0 
to 60 kg ha-1. 
A field experiment was conducted during rainy season at 
Sardar Krushinagar  (Gujarat) Patel et al. (1992) observed that 
significantly higher uptake of nitrogen and phosphorus by greengram 
under 30 kg N ha-1. 
Tank et al. (1992) conducted a field experiment on 
greengram and observed significantly higher nitrogen and phosphorus 
uptake by grain and fodder with 20 kg N ha-1. 
Ardeshna et al. (1993) conducted an experiment on 
greengram at Instructional Farm, GAU, Junagadh with three levels of 
nitrogen (10, 20 and 30 kg ha-1). They reported that with increase in 
levels of nitrogen, the nitrogen content in seed and stalk as well as total 
uptake of nitrogen increased linearly. A similar trend was also observed 
in respect to content and total uptake of phosphorus. 
Singh et al. (1993a) reported that nitrogen uptake by plant 
increased significantly up to 20 kg N ha-1. However, uptake of P in 
blackgram and greengram increased significantly up to the higher levels 
of nitrogen. 
Shah (1993) while working at Junagadh (Gujarat) with 
pigeonpea, reported that nitrogen and phosphorus content in grain as well 
as in straw increased significantly with application of nitrogen. Total 
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uptake of N and P was also significantly increased with successive 
increased in nitrogen levels from 0 to 40 kg ha-1. 
Dudhagara (1995) reported that nitrogen content of gram 
was increase significantly due to the application of 20 kg N ha-1. 
From the results of a field trial on pigeonpea at Dharwad, 
Motiwade and Sheelavantar (1995) reported that N content in seed was 
highest with 50 kg N and 150 kg P2O5 ha-1. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that nitrogen content of pigeonpea was increase significantly due 
to the application of 25 N kg ha-1. 
 
 
 
2.3.5.2 Effect of phosphorus 
 
Singh and Sharma (1980) reported that application of 
phosphorus to gram in sandy loam soil of Hisar, increased the uptake of 
nitrogen by plant at maturity. 
From the results of a study on phosphorus fertilization of 
cowpea plant in calcareous soil, Baisary et al. (1981) reported that 
different level (0, 30, 60 and 90 kg ha-1) of phosphorus tried in the 
experiment did not affect the plant P content but P uptake was 
significantly superior over control.  
Manjunath and Bhagyaraj (1984) find out that application of 
22 kg P2O5 ha-1 increased nitrogen and phosphorus content in grain of 
cowpea.  
From the results of field experiment conducted during rabi 
season of 1982-83 at Junagadh (Gujarat), Dobariya (1984) observed that 
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crop fertilized with 80 kg P2O5 ha-1 removed higher N and P by seed and 
fodder. Similar, findings were also made by Javiya (1983) in gram at 
same place. 
 Singh et al. (1984) carried out a field trial during rabi 1980-
81 and 1981-82 on a calcareous sandy loam soil. They reported that 
application of 17 kg P2O5 ha-1 significantly increased the P uptake over 
control. 
From the result of two years field study at Turiamunibgarh 
(W.B.), Roy and Tripathi (1985) reported that N and P concentration in 
seed and straw of gram increased with the increase in phosphorus levels. 
Similar, results were also obtained by Singh et al. (1993) in chickpea. 
Sairam et al. (1989) conducted an experiment during 
summer season. They reported that phosphorus applied at the rate of 90 
kg P2O5 ha-1 recorded maximum uptake by cowpea. 
Thind et al. (1993) conducted an experiment at PAU, 
Ludhiana. In a green house pot trial on 12 soils, greengram and cowpea 
were supplied with equivalent to 0, 30, 60 and 90 kg P2O5 ha-1 as DAP. 
They reported that soil phosphorus uptake increased upto 60 kg P2O5 ha-1 
in greengram and upto 90 kg P2O5 ha-1 in cowpea.  
Enania and Vyas (1994) conducted a field experiment at 
Udaipur (Rajasthan) during rabi season of 1991-92 on gram. They 
reported that the uptake of P increased significantly upto 50 kg P2O5 ha-1. 
This may be attributed to the fact that increasing P levels also increased 
its concentration in soil solution, which in turn increased root and plant 
growth and absorption of P, by plant. 
While working on pigeonpea at New Delhi during 1997-99 
on sandy loam soil, Shivram and Ahlawat (2000) reported that fertilizer 
application at 100% and 75% of recommended fertilizer dose 
significantly increased the uptake of N, P and K by pigeonpea crop.  
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Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that phosphorus content of pigeonpea was increase significantly 
due to the application of 50 P2O5 kg ha-1. 
 
2.4 COMBINED EFFECT OF FYM, BIOFERTILIZERS 
AND CHEMICAL FERTILIZERS  
 
Gopalswamy et al. (1978) from Tamil Nadu reported that 
application of NPK @ 10:10:45 Kg ha-1 besides a basal dressing of 
farmyard manure @ 6.25t ha-1 failed to increase the pod yield of rainfed 
groundnut. 
A combination of FYM and phosphorus fertilizer was found 
very affective in building up of soil structure (Pawar, 1980).  
Singh et al. (1980) reported that Rhizobium inoculation and 
nitrogen application to gram had favourable effect on available nitrogen 
and total Rhizobium in soil solution. 
Raghu and choubey (1983) from Jabalpur, reported that the 
seed treatment with Rhizobium culture + 25 kg N + 50 kg P2O5 ha-1 
significantly enhanced yield of gram.  
Raju and Verma (1984) studied the effect of varying levels 
of nitrogen (0, 15, 30, 45 and 60 kg N ha-1) with and without Rhizobium 
inoculation on green gram. They found significantly highest grain yield 
with Rhizobium + 15 kg N ha-1 treatment. Application of nitrogen at 15 
kg ha-1 with Rhizobium inoculation gave maximum nodulation and dry 
matter yield. Yield attributes viz; number of pods per plant, 100 grain 
weight and protein yield were also found maximum with the same 
combination. 
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While working on Farmer’s field in Bihar, Roy and Singh 
(1989) found non-significant interaction among nitrogen, phosphorus and 
Rhizobium inoculation. 
Subramania and Kumarswamy (1989) found that total N, P, 
and K status of soil increased due to fertilization for 13 seasons from 
1972 to 1985 and the highest values were recorded under 100 per cent 
NPK plus organic manure treatments. Ardeshna (1991) reported that the 
interaction effect of nitrogen, phosphorus and Rhizobium inoculation was 
found to be non significant in greengram. 
Tippamnavar and Desai (1992) conducted a field experiment 
in medium black soil during rabi season of 1983-84, 1984-85 and 1985-
86 with Bengal gram.  They reported that the yield of Bengal gram was 
increased by the Rhizobium inoculation with N and P fertilization 
followed by inoculation alone. Dry matter production was maximum in 
Rhizobium inoculation with nitrogen and phosphorus nutrition. 
Combined application of FYM and inorganic NP 
significantly increased pod and oil yield and uptake of N, P and K by 
seed and straw as compared to sole application of fertilizers has been 
reported from Akola (Maharashtra) by Sagare et al. (1992).  
Motiwade and Sheelavantar (1993) conducted a field trial on 
medium black clay loam at Dharwad (Karnataka). The data revealed that 
N and P uptake by pigeonpea crop was significantly increased with up to 
25 kg N and 100 Kg P2O5 ha-1.  
From the results of an experiment conducted on greengram, 
Sarkar et al. (1993) reported that nitrogen and phosphorus alongwith 
Rhizobium inoculation markedly increased the number of nodules per 
plant and grain yield of greengram. 
Shah (1993) from the results of an experiment conducted at 
Junagadh (Gujarat) on clayey soil with pigeonpea. He reported that 
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application of nitrogen + phosphorus in combination with PSM 
inoculation was found non-significant with respect to seed and straw 
yield. 
A field experiment was conducted on pigeonpea during 
kharif season of 1991-92 in Tamil Nadu, Mathan et al. (1994) reported 
that combined application of 25 kg N ha-1 + 0.75 t FYM ha-1 enriched 
with 50 kg P2O5 ha-1 + 6.25 t ha-1 FYM + Rhizobium seed inoculation 
gave higher seed yield (541 kg ha-1 ) as compared to control (458 kg ha-1) 
and also improved the seed protein content and uptake of N and P. 
Arunachalam et al. (1995) studied the influence of integrated 
nutrient management in irrigated red gram over a period of three years 
during 1990-92. They concluded that recommended fertilizer dose (25 kg 
N + 50 kg P2O5 ha-1) + 6t FYM ha-1 + seed inoculation with Rhizobium 
culture significantly increased seed yield as compared to control. 
Dudhagara (1995) reported that the interaction effect of 
nitrogen, phosphorus and Rhizobium inoculation was found to be non-
significant in greengram. Similarly, Desai (1996) also reported non 
significant interaction effect in cowpea. 
Ramamoorthy et al. (1997) at Pudokottai (T.N.) conducted 
an experiment on rainfed pigeonpea Cv. Vamban-1. They observed that 
seed inoculation of Rhizobium and phosphobacteria along with 12.5 kg N 
+ 37.5 kg P2O5 ha-1 gave significantly the highest grain yield and net 
return.  
Yadav and Shrivastava (1997) conduct an experiment at 
Morena, (Madhya Pradesh) in winter season of 1994-95 and 1995-96 
with chickpeas cv. JG-315 and fertilized with were 0, 20, 40 or 60 kg 
P2O5 per ha with and without seed inoculation of phosphatesolublizing 
bacteria (PSB). Seed yield of untreated controls was 1.10 t/ha, while the 
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highest yield was given by 60 kg P2O5 per hectare + PSB (2.67 t/ha), 
followed by 60 kg P2O5 alone (2.51 t). 
A field experiment was conducted on clayey soil of the 
Junagadh during summer season of 1995 to study the “effect of nitrogen, 
phosphorus and biofertilizer on growth, yield and quality of summer 
greengram. Chatrabhuji (1998) reported that the interaction between 
phosphorus and bacterial inoculation was observed to be significant in 
respect of number of branches/per plant i.e. 40 kg P2O5 ha-1 with 
Rhizobium inoculation. 
Jain et al. (1999) reported that combined inoculation of 
Rhizobium and PSB + 60 kg P2O5 produced the highest mean seed yield 
of 1.63 t/ha and the highest net returns in chikpea.  
A field experiment conducted in Raipur (Madhya Pradesh) 
during the winter seasons of 1995-96 and 1996-97, Sarawgi et al.  (1999) 
reported that N and P uptake increased with the increase in levels of P 
and was further increased with application of PSB alone or in 
combination with Rhizobium culture. Highest uptake of N and P and built 
up of soil N were obtained with the combined application of 60 kg P2O5 
ha-1, PSB, Rhizobium culture and micronutrients. Grain yield was 
increased by the use of PSB and Rhizobium culture along with inorganic 
P fertilizers. 
Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that the combined effect of farmyard ( 5 t FYM ha-1) manure and 
chemical fertilizers (100 % recommended dose of fertilizers ha-1  i.e.25: 
50 : 0 N : P2O5 : K2O ha-1) was found significant in respect to grain yield, 
available nitrogen and phosphorus status in soil. 
 
2.5 ECONOMICS  
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Javiya (1983) conducted an experiment on clayey soil of 
Junagadh (Gujarat) and reported that application of phosphorus at 50 kg 
ha-1 gave significantly higher net ICBR (1:1.09) as compared to that of 25 
kg P2O5 ha-1.  
A field experiment was conducted on the medium black soil 
of Junagadh (Gujarat). Dobariya (1984) found that fertilizing gram with 
40 kg N ha-1 recorded maximum net profit of Rs.2666 ha-1 and net ICBR 
of 1:3.73 were also recorded with 40 kg N ha-1.  
A field experiment was conducted at the College Farm, 
Junagadh (Gujarat) on a medium black soil in rabi 1982-87 with gram. 
From the results, Patel et al. (1989) concluded that the maximum net 
return of Rs 4948 ha-1 was occurred with 30 kg N ha-1. 
Singh et al. (1994) conducted an experiment at Pantnagar 
(U.P.) on pigeonpea and showed that an application of 40 kg N + 80 kg 
P2O5 ha-1 increased the net return of Rs. 7452 ha-1 as compared to control 
(Rs. 3886   ha-1). 
 Tiwari et al. (1995a) observed that the growth and yield 
components of sesame were found highest in treatments having NPK + 
FYM + Mg + Zn. Application of NPK + FYM was significantly superior 
to the control. 
 Wange and Patil (1996) carried out an experiment at Pune 
(Maharashtra) on medium black soil to evaluate the inoculation with 
Rhizobium strains on pigeonpea. The data revealed that inoculation with 
Rhizobium strains gave higher net realization as well as more Cost 
Benefit Ratio as compared to control. 
Honale (1997) conducted an experiment on soybean at 
Akola. The results revealed that higher net return was obtained with PSM 
culture treatment as compared to uninoculates plot. 
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While working at Pudokottai (Tamil Nadu) during kharif 
seasons of 1992-94, Ramamoorthy et al. (1997) reported that application 
of 12.5 kg N + 37.5 kg P2O5 ha-1 with seed inoculation of Rhizobium and 
PSM gave the highest net returns. 
 Pawar (1998) reported that the higher net return was 
obtained PSM culture treatments compared to uninoculates plots in 
pigeonpea crop at Akola. 
  Patil (2002) conducted a field experiment on clayey soil 
during Kharif season of 2001-02 at Junagadh (Gujarat) on pigeonpea. He 
reported that seed inoculation with biofertilizers, application of 5 t FYM 
ha-1 and 100 % RDF ha-1  i.e.25: 50 : 0 N : P2O5 : K2O ha-1 were recorded 
the maximum net realization of Rs. 13457 ha-1 with net ICBR of 1 : 6.7, 
Rs. 13367 ha-1 with net ICBR of 1 : 6.3 and Rs. 14854 ha-1 with net ICBR 
of 1 : 3.2, respectively. 
 
 
                  III. MATERIALS AND METHODS 
  
 
The details of experimental procedures adopted, materials 
used and techniques followed during the course of present field 
investigation entitled “Effect of biofertilizers on growth and yield of gram 
(Cicer arietinum L.) var., Gajarat Gram-1” carried out during rabi season 
of the year 2002-03 and 2003-04 are described in this chapter. 
 
3.1 Experimental Site 
 
The experiment was carried out on Agriculture Farm, 
College of Rural Studies, Dumiyani, (Upleta, Dist. Rajkot) during rabi 
season of 2002-03 and 2003-04. The experiment was conducted on the 
tagged plot during both the years. 
 
3.2 Climate and weather 
 
Geographically Dumiyani is situated at 21.440 N latitude and 
70.170 E longitudes. The region enjoys a typical sub-tropical climate 
characterized by fairly cold and dry winters, hot and dry summers and 
warm and moderately humid monsoons. Rainfall is received by the South 
– West monsoon current from the third week of June to middle of 
September. July and August are the months of heavy rainfall. Partial 
failure of monsoon for consecutive in three to four years, is common in 
this area. Winter sets in month of November and continues till the middle 
of February. Usually summer season commences by the third week of 
February and ends by middle of June with May as the hottest month of 
the season. 
  
Agriculture Farm, College of Rural Studies, Dumiyani, 
(Upleta, Dist. Rajkot) is situated about 25 km West of Junagadh (25.50 N 
latitude and 70.50 E longitudes). Dumiyani is grouped under North 
Saurashtra Agro-Climatic zone. A map of the study site is given in Fig. 
3.1. Meteorological data for the period of investigation were taken from 
the meteorological observatory of Junagadh Agricultural University, 
Junagadh and are given in Table 3.1 and graphically depicted in Fig. 3.2 
and 3.3. 
The meteorological data presented in Table 3.1 indicated that 
the weather condition was favorable for growth and development of gram 
under irrigated condition. The maximum and minimum temperature 
during the crop growth period ranged between 27.9 to 39.3 and 10.7 to 
22.9 in the year       2002-03 and 27.6 to 37.6 and 10.2 to 19.2 in the year 
2003-04, respectively. 
 
3.3 Physico-chemical properties of the Experimental Field. 
 
Ten soil samples from 0-15 and 15-30 cm depth each were 
taken randomly from the plot prior to commencement of the experiment. 
A composite sample was prepared for each depth and physical and 
chemical properties of the soil were determined. The soil of experimental 
plot was clayey in texture and slightly alkaline in reaction (Table 3.2). 
Also soil was low in available nitrogen and phosphorus while it was 
medium in available potassium.  
 
3.4 Selection of variety 
 
 
  
The gram variety Gujarat Gram-1 was selected for this trial. 
The variety was developed through pedigree method of selection evolved 
from cross between GCP-2 and ICCV-2 at Pulse Research Station,  
 
Table 3.1 Meteorological data recorded during the crop season of rabi 2002-03 and 2003-04 
Temperature oC 
Maximum Minimum 
Relative Humidity Sunshine 
 hours 
Rain fall  
(mm) 
Rainy  
days 
 
Month 
 
 Std. 
week 2002-03 2003-04      2002-03 2003-04  2002-03
M      E 
2003-04 
M     E 
2002-03 2003-04 2002-03 2003-04 2002-03 2003-04
October 42 39.3 37.6 22.9 19.2 71   19 65    21 8.7 10.0 0.0 0.0 0 0 
 43 38.0 36.7 19.9 17.3 67   16 58    20 8.7 9.9 0.0 0.0 0 0 
November 44 37.9 36.7 19.7 19.0 53   19 63    28 9.4 10.0 0.0 0.0 0 0 
 45 36.8 36.4 20.4 19.9 57   20 66    26 8.0 9.9 0.0 0.0 1 0 
 16 34.5 34.6 17.6 18.5 51   19 72    30 9.5 9.9 0.0 0.0 0 0 
 47 35.9 32.5 16.4 17.0 60   16 49    27 8.1 8.5 0.0 0.0 0 0 
December 48 33.7 34.2 14.2 15.2 55   14 68    24 8.8 9.0 0.0 0.0 0 0 
 49 33.9 34.2 13.9 13.8 60   19 71    21 9.3 9.1 0.0 0.0 0 0 
 50 34.7 31.3 15.0 15.9 62   20 63    28 9.5 8.0 0.0 0.0 0 0 
 51 33.9 28.5 16.4 10.9 73   22 65    25 9.6 8.7 0.0 0.0 0 0 
 52 30.3 28.4 14.9 10.2 61   43 63    32 8.5 8.8 0.0 0.0 0 0 
January 01 31.2 28.4 13.4 11.9 51   19 64    28 8.7 8.5 0.0 0.0 0 0 
 02 32.7 31.2 14.6 12.7 56   21 67    26 9.2 9.0 0.0 0.0 0 0 
 03 28.1 30.5 12.4 12.9 65   28  79    28 9.1 8.5 0.0 0.0 0 0 
 04 27.9 27.6 10.7 10.8 61   20 64    23 9.4 9.2 0.0 0.0 0 0 
 05 29.9 28.8 11.7 12.9 37   12 54    21 9.2 9.3 0.0 0.0 0 0 
February 06 29.2 31.4 13.1 12.6 46   15 55    15 9.1 9.5 0.0 0.0 0 0 
 07 33.5 32.8 16.8 13.8 47   22 62    18 9.8 9.5 0.0 0.0 0 0 
 08 35.0 34.0 18.3 16.4 57   21 64    22 9.8 9.1 0.0 0.0 0 0 
 09 35.9 36.5 19.3 17.9 47   15 53    10 9.6 9.7 0.0 0.0 0 0 
 
 
Table 3.2  Physico - chemical properties of the Experimental 
Field. 
 
Value of 
different  
Depth (cm.) 
Sr.  
No 
Particulars 
0-15 15-30 
Method of  
Determination 
A Physical determination 
1. 
2. 
3. 
4. 
Sand (%) 
Silt (%) 
Clay (%) 
Texture class 
23.70 
13.20 
63.10 
Clayey 
21.70 
13.75 
64.99 
Clayey 
International 
Pipette Method 
 
(Piper, 1950)  
B Chemical determination 
1. 
 
2. 
 
3. 
 
4. 
 
5. 
 
 
6. 
Organic Carbon 
(%) 
 
Available Nitrogen  
(kg ha-1) 
Available P2O5  
(kg ha-1) 
Available k20 
Soil pH  
(1:2.5 soil: water ratio) 
EC (dSm-1) at 25 0C 
(1: 2.5 soil: water 
ratio) 
0.66 
 
245.5 
 
27.4 
 
247.1 
 
7.8 
 
 
0.28 
 
0.62 
 
237.0 
 
25.5 
 
225 
 
7.7 
 
 
0.26 
Walkley and Black 
Method (Jackson, 1967) 
Alkaline KMnO4 Method 
(Subbaih and Asija, 1956) 
Olsen’s Method  
(Olsen et al., 1954) 
Flame photometrically 
(Jackson, 1967) 
pH Meter 
(Richard, 1954) 
 
EC Meter 
(Jackson, 1967) 
 
 
  
 
  
Gujarat Agricultural University, Junagadh and it was 
recommended for general cultivation in the state in 1997. The variety 
produced 27.32 and 29.43 per cent higher yield than ICCC-4 and Dahod 
yellow, respectively under irrigated conditions. The variety also yielded 
17.06 per cent greater than that of chaffa under rainfed conditions. This 
variety has also shown wilt tolerance as compared to ICCC-4, Dahod 
yellow and chaffa. It matures in 110 to 115 days after the emergence of 
seedlings. Typical characteristics of the selected variety are shown in 
Table 3.3. 
 
3.5 Cropping history of experimental field  
 
The cropping history of experimental field for the last three 
years is given in Table 3.4. 
 
3.6 Experimental details 
3.6.1 Experimental design 
 
Randomized Block Design was used to carry out the present 
investigation.  
 
3.6.2 Field Lay-out  
 
The twelve treatments were laid out in Randomized Block 
Design with four replications. The plan of layout is depicted in Fig 3.4.   
The gross and net plot size were 5.0 m x 3.6 m and  
4.0 m  x 2.7m, respectively. 
 
 
 
  
 
  
Table 3.3   Characteristics of variety Gujarat Gram – 1 
 
1. Parents  : GCP-2  X  ICCV-2 
2. Year of release : 1997 
3. Evolved at  : Research Scientist Pulse  
    Research  Station, Gujarat  
    Agricultural University,  
    Junagadh.  
4. Plant height : 38 cms. 
5. Plant habit : Semi spreading  
6. Number of branches/plant : 4.4 
7. Numbers of pods/plant : 37 
8. Number of seeds/pod : 1.48 
9. Seed shape : Round 
10. Seed colour : Redish brown 
11. Seed surface : Smooth 
12. 100 seed weight (g) : 18.15 
13. Maturity days : 100 to 115  
14. Protein content : 16 to 18% 
15. Area of adoption : Gujarat State 
16. Average Grain Yield Under  : 1800 – 2200 (kg ha-1) 
 Irrigated condition 
 
 
Table  3.4 Cropping history of experimental field 
 
Year     Season Crop Variety Fertilization
N.          P2O5      K2O   Kg ha-1 
1999-2000  Kharif
Rabi 
Groundnut 
Fallow 
G. G. – 2 
- 
12.5    -  25    -    0 
- 
2000-2001  Kharif
Rabi 
Groundnut 
Jower 
G. G. – 2 
Gundhari 
12.5   -  12.5   -   0 
80      -   40     -   0 
2001-2002  Kharif
Rabi 
Groundnut 
Fallow 
G. G. – 2 
- 
12.5   -  12.5   -   0 
 - 
2002-2003  Kharif
Rabi 
Groundnut 
Present 
experiment 
G. G. – 2 
Gujarat Gram - 1 
12.5   -   25     -   0 
As per treatments 
2003-2004  Kharif
Rabi 
Groundnut 
Present 
experiment 
G. G. – 2 
Gujarat Gram - 1 
12.5    -    25    -   0 
As per treatments 
 
3.6.3 Details of treatments 
 
Details of treatments are given as under 
T1 = Control 
T2 = FYM 20 t  ha-1 
T3 = Rhizobium + PSM 
T4 = 50% N (10 kg N ha-1) + PSM 
T5 = 50% P2O5 (20 kg P2O5 ha-1) + Rhizobium  
T6 = 50%   RDF  (10-20-0 kg NPK ha-1) 
T7 = 100% RDF  (20-40-0 kg NPK ha-1) 
T8 = 50%   RDF + Rhizobium + PSM 
T9 = 50%   RDF + 10 t FYM ha-1 
T10 = 50%   RDF + 10 t FYM ha-1+ Rhizobium +  PSM 
T11 = 100% RDF + Rhizobium + PSM  
T12 = 100% RDF + 20 t FYM + Rhizobium + PSM 
 
3.7 Seed treatment and sowing 
3.7.1 Rhizobium culture 
 
The culture containing Rhizobium and Phosphate 
solubilizing microorganism were obtained from Gujarat State Fertilizer 
Company limited Fertilizernagar, Baroda (Gujarat). The bacterial slurry 
was prepared and applied as per procedure mentioned hereafter. 
(i) 200 g of jaggery was dissolved in 200 ml of water. Jaggery 
solution as per the volume of seed was prepared.    
(ii) The Rhizobium culture was thoroughly mixed for slurry 
preparation in above solution. 
(iii) Seeds were treated with this mixture carefully, so that seed coat 
was not injured and a uniform coating is made.  
(iv) Treated seeds were dried under shade on gunny bags and then used 
for sowing. 
(v)  
  
 
3.7.2 Phosphate solubilizing microorganism (PSM) 
 
Inoculums of PSM was prepared by dissolving 100 g jaggery 
in one litre of boiled and subsequently cooled water and then added to the 
broth culture in required quantity, so as to obtain at least 10-15 x 108 cells 
per spores per ml.     
 
3.8 Calendar of cultural operations 
 
The calendar of cultural operations carried out during the 
course of experimentations is given in Table 3.5. 
 
3.8.1 Preparatory tillage  
 
The field was prepared by ploughing once, with tractor 
drawn plough followed by two cross harrowing. Planking was also done 
to obtain fine seedbed. The experimental field was then demarcated as per 
plan of layout. Furrows were opened at 45 cm apart with the help of 
country seed drill. The same procedure was repeated during the second 
year of experimentation. 
 
3.8.2 Fertilizer application 
 
The crop was fertilized with nitrogen and phosphorus as per 
treatments. Whole dose of nitrogen and phosphorus was applied in the 
form of urea and diammonium phosphate in furrow at the time of sowing, 
while FYM was applied before sowing in furrow as per the treatments. 
 
 
  
 
 
  
Table 3.5  Calendar of cultural operations carried out during the course of 
  Experimentation 
Frequence Date Sr.  
No 
Field operations 
2002-03 2003-04 2002-03 2003-04 
A Pre sowing operations 
1. 
2. 
3. 
 
4. 
5. 
 
6. 
 
7. 
8. 
Ploughing by tractor 
Harrowing with tractor  
Planking and furrow 
opening 
Field Lay-out 
FYM application as 
per treatment 
Fertilizer application 
as per treatment 
Sowing of seeds 
Irrigation After sowing 
1 
2 
1 
 
- 
1 
 
1 
 
- 
8 
1 
2 
1 
 
- 
1 
 
1 
 
- 
8 
22-10-02 
23-10-02 
23-10-02 
 
24-10-02 
25-10-02 
 
25-10-02 
 
25-10-02 
25-10-02 
05-11-02 
25-11-02 
10-12-02 
25-12-02 
10-01-03 
25-01-03 
 
 20-10-03 
21-10-03 
21-10-03 
 
23-10-03 
24-10-03 
 
24-10-03 
 
24-10-03 
24-10-03 
04-11-03 
24-11-03 
09-12-03 
24-12-03 
09-01-04 
24-01-04 
B Post sowing operations 
1. 
 
2. 
 
3. 
 
4. 
 
 
Interculturing 
 
Hand weeding 
 
Harvesting 
 
Threshing & 
winnowing 
2 
 
2 
 
- 
 
- 
2 
 
2 
 
- 
 
- 
23-11-02 
20-12-02 
24-11-02 
21-12-02 
10-02-03 
 
15-02-03 
 
 
 
21-11-03 
19-12-03 
22-11-03 
20-12-03 
12-02-04 
 
17-02-04 
 
  
 
3.8.3 Seed and sowing 
 
Seeds were sown keeping 45 cm inter row spacing adopting 
recommended seed rate of 75 kg ha-1 on 25th and 24th October 2002-03 
and 2003-04, respectively. The seeds were drilled in previously opened 
furrows in the field. 
 
3.8.4 Irrigation 
 
The first irrigation was given immediately after sowing. The 
subsequent irrigations were given as per information given in calendar of 
cultural operations (Table 3.5). 
 
3.8.5 Weeding and inter culturing 
 
Two inter culturing and hand weeding was carried out as 
shown in the Table3.5. 
 
3.8.6 Plant protection measures  
 
Slight infection of wilt was observed at 45 to 50 days after 
sowing. The same was controlled by drenching of tricoderma at the rate 
of 20 g per 10 litre of water. Second dose was applied 10 days after the 
first application. 
 
 
 
 
 
  
3.8.7 Harvesting and threshing  
 
The crop was harvested manually at maturity on 10th 
February in the year 2003 and on 12th February in the year 2004 keeping 
the net plot area of 4.0 m x 2.7 m. The harvested plants were bundled and 
allowed to sundry. After complete drying, bundles were weighed just 
before threshing to record biological yield. Then after threshing was 
done, seeds per plot thus collected were winnowed, cleaned and weighed. 
 
3.9 Treatment Evaluation  
 
The crop response to treatments under the present 
investigation was evaluated on the basis of biometric, bio-chemical and 
soil studies studies, which are given here after (Table 3.6). 
 
A. Biometric studies 
3.9.1 Plant population 
 
Number of plants of each net plot area were counted and 
recorded at 15 days after sowing and also before harvest.  
 
3.9.2 Plant height (cm) 
 
 Height of randomly selected 10 plants from each net plot 
was measured from ground level to the top of the main shoot at harvest 
were counted and recorded. 
 
  
Table 3.6   Treatment Evaluation 
 
Sr. Observation  Sample size Time of 
No   Evaluation 
1. Plant population  
      Initial Plants/net plot 15 DAS 
      Final        - do - At harvest 
2. Plant height 10 plants/ner plot    - do - 
3. Plant spread        - do -    - do - 
4. Number of branches/plant        - do -  - do -  
5. Dry matter production        - do -    - do - 
6. Numbers of nodules/Plant  5 plants/net plot    40 and 80 DAS  
  
7. Numbers of pods/plant 10 plants/ner plot        At harvest 
8. Number of grains/plant        - do -     - do - 
9. Grain yield/plant        - do -                   After harvest 
10. Test weight (g) Random seed sample      - do - 
  from each net plot    
11. Grain yield kg ha-1 Net plot      - do - 
12. Straw yield kg ha-1      - do -      - do - 
13. Biological yield ha-1      - do -      - do - 
14. Harvest Index      - do -     -  do - 
15. N and P content in seed and straw Random sample     -  do - 
16. Nutrient uptake (N and P)     - do -     -  do - 
17. Protein content        -           -  do - 
18. Available N and P  in the soil Random soil sample     -  do - 
  from each net plot   
  
 
  
 
3.9.3 Plant spread (cm) 
 
Ten plants per net plot were selected randomly and 
horizontal spread of each plant was measured at the time of harvest. 
Average value of plant spread in each plot was computed. 
 
3.9.4 Number of branches per plant  
 
Branches for ten randomly selected plants from each net plot 
at the time of harvesting were counted and average number was 
calculated. 
 
3.9.5 Dry Matter Production (g/plant) 
 
Randomly ten plants were collected from each net plot at 
harvest and dried under sunlight. The sun-dried plants were kept in oven 
at 60oC temperature till constant weight. Average dry matter per plant 
was recorded. 
 
3.9.6 Number of nodules per plant 
 
Little water was applied to five plants to soften the soil and 
then plants were dugged out carefully at 40 and 80 days after sowing. The 
roots were washed with clean water in a bucket to remove adhered soil 
particles. Then nodules were counted and their average number per plant 
was calculated. 
 
 
 
  
B. Yield and Yield attributing characters 
3.9.7 Number of pods per plant  
 
The total number of pods from ten tagged plants under each 
treatment was counted and average value was computed. 
 
3.9.8 Number of grains per plant 
 
Grains from the ten randomly selected plants under each 
treatment were counted and average value was computed. 
 
3.9.9 Grain yield per plant (g) 
 
Ten plants were harvested randomly from each net plot and 
allowed to sun dry for six days. All the matured pods were stripped, 
weighed and average value of grain yield per plant was recorded for each 
plot.  
 
3.9.10 Test weight (100 seed weight) (g) 
 
Hundred seeds were counted randomly from each net plot 
yield and their weight in gram was recorded as test weight of each 
treatment. 
 
3.9.11 Grain yield (kg ha-1) 
 
The grain produced from each net plot was collected and 
recorded separately in kg. The grain yield per net plot was then converted 
into kilogram per hectare (kg ha-1). 
 
  
 
3.9.12 Straw yield (kg ha-1)  
 
Straw yield was worked out by subtracting the grain yield of 
each net plot from their respective total dry matter (biological yield) and 
noted down in kg ha-1.  
 
3.9.13 Biological yield (kg ha-1)  
 
 Total dry matter (above ground) or biological yield was 
determined by weighing completely dried plants of individual net plot 
and computed in terms of kg ha-1.  
 
3.9.14 Harvest Index (%) 
 
The harvest index was calculated by using following formula 
given by Donald and Hambling (1976). 
 
      Economical yield (kg ha-1) 
              Harvest Index =                   x 100 
               Aboveground biological yield (kg ha-1) 
 
C.  Chemical Analysis  
3.9.15 N and P content in seed and straw  
 
Chemical analysis of seed and straw was carried out taking 
plant samples (excluding roots) from each net plot. The air dried samples 
of seeds and straw were grinded in stainless steel grinder and mixture. 
Thus, made powdered samples were used for their chemical analysis. 
 
  
 
3.9.15.1 Method for nitrogen estimation 
 
Estimation of nitrogen content in gram seeds and straw was 
performed as per method given below :  
Weighed amount 0.1g of plant material each of grain and 
straw was taken in microjeldahl’s flask. Two ml concentrated H2So4 and 
small spoon digestion mixture was added with sample and digested up to 
complete digestion  
After completion of digestion, digest transferred in micro 
distillation flask. After adding 10 ml alkali setting of boric acid arranged 
at delivery end and continued the distillation was completion. Boric acid 
titrated with 0.02 N H2SO4 (Jackson, 1967). 
 
3.9.15.2 Method for phosphorus estimation 
 
Ground plant material 0.5 g was digested in 100 ml conical 
flask using a mixture of nitric acid and perchloric acid (3:1) on a hot plate 
till the contents becomes colourless. The digest was transferred to 100 ml 
volumetric flask and the volumes were made 100 ml adding distilled 
water. The extract was filtered through Whatman filter paper No 1 and 
used for the determination of phosphorus by using following methods.  
Phosphorus was estimated by Vanadomolybdo phosphoric 
acid, yellow colour method (Jackson, 1967). Five ml aliquot (extract) was 
transferred to 50 ml volumetric flask. Five ml of nitro vanadomolybdate 
reagent was added and 100 ml volume was made by adding distilled 
water. Flasked was stirred. It was allowed to stand for 15 to 30 minute 
and thereafter reading was recorded on Klett Summerson Photo electric 
colorimeter with blue filter.  
 
  
 
3.9.16 Nutrient uptake (kg ha-1)  
 
Uptake of nutrient (Nitrogen and Phosphorus) was computed 
using following formula.  
 
 
       
    Nutrient uptake         Nutrient content in grain (%) x Grain yield kg ha-1
  
         (kg ha-1)      =                     
                            100 
            + 
                Nutrient content in straw (%) x Straw yield kg ha-1 
                                                  
                                      100 
 
D Quality parameter 
3.9.17 Protein content (%) 
 
The protein content of the grain was calculated by 
multiplying nitrogen content in grain (%) with the factor 6.25 as 
suggested by Gupta et al., (1972). 
 
E soil studies  
3.9.18 Available nitrogen and phosphorus 
  
Soil samples from 0-15 cm depth were collected for each net 
plot after harvest of the crop and analyzed for available nitrogen and 
phosphorus. The methods used are given in Table 3.2. 
 
 
  
 
 
3.10 Statistical analysis 
 
Statistical analysis of data for various characters studied in 
the present investigation was performed as per randomized block design. 
Significance of variance was tested by “F” test (Snedecor and Cochran, 
1967). Analysis of two years pooled data was carried out as per method 
described by Steel and Torriee (1960). Summary tables for the treatment 
effects were prepared with standard error of mean and critical different 
(C. D.) at 5 per cent probability levels. Co-efficient of variance (C. V.) 
was calculated and given in the respective tables. 
Correlation studies was carried out with a view to determine 
the relationship between grain yield and some important characters as per 
procedure described by Panse and Sukhatme (1978). 
 
3.11 Economics 
 
In order to evaluate the effectiveness of different treatment 
and to ascertain the most remunerative treatment, the expenses incurred 
on all cultural operations from preparatory tillage to harvesting, including 
cost of inputs, viz: seeds, fertilizers, irrigation, insecticides and fungicides 
applied to each treatment were computed and added. The gross 
realization was calculated on the basis of mean value of grain and straw 
yield per hectare of each treatment at prevailing market prices during 
both the years. The net realization per hectare was obtained by deducting 
cost of cultivation from the gross realization per hectare from respective 
treatments.       
     
 
        IV EXPERIMENTAL RESULTS 
 
The results of the field experiments entitled “Effect of              
biofertilizers on growth and yield of gram (Cicer arietinum L.) var. Gujarat 
Gram-1” are presented in this chapter. The data pertaining to growth 
parameters, yield attributes, yield, nodulation, quality, plant nutrients 
content and available nutrients in soil were subjected to statistical analysis 
for the test of significance. The analysis of variance for treatment evaluation 
has been given in appendices from I to X along with the levels of 
significance. The data on all the main effects are being presented here, 
wherever necessary, the results have also been presented graphically. The 
results are discussed as per the following heads. 
 
4.1  Growth parameters 
4.2  Yield and yield attributes 
4.3  Quality parameters 
4.4 Nutrient content and uptake by crop 
4.5 Available nutrient content in soil after harvest  
4.6 Correlation studies   
4.7 Economics 
 
4.1 Growth parameters 
4.1.1 Plant population 
 
The data pertaining to plant population at 15 days after sowing 
(DAS) and at harvest are presented in Table 4.1 and their analysis of 
variance is furnished in Appendix I. 
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Table 4.1 Effect of different treatments on plant population at 15 DAS 
and at harvest 
 
                               Plant Population/net plot    
  ----------------------------------------------------------------------------
Treatments    15 days after sowing          At  harvest 
 ----------------------------------------------------------------------------- 
  2002-03 2003-04 Pooled 2002-03 2003-04     
 Pooled 
 
T1  292.50 294.50 293.50 273.50 275.50 274.50 
T2  299.75 304.25 302.00 280.75 285.25 283.00 
T3  299.75 301.75 300.75 281.25 282.75 282.00 
T4  299.75 301.75 300.75 280.75 282.75 281.75 
T5  299.75 302.75 301.25 280.75 284.00 282.38 
T6  299.75 303.75 301.75 280.75 284.75 282.75 
T7  300.50 305.75 303.13 281.50 286.75 284.13 
T8  300.25 305.25 302.75 280.75 286.25 283.50 
T9  301.00 305.75 303.38 282.00 286.75 284.38 
T10  301.00 306.00 303.50 282.00 287.00 284.50 
T11  301.00 307.75 304.38 282.00 288.75 285.38 
T12  302.00 310.50 306.25 283.00 291.50 287.25 
S. Em + 5.60  7.47 4.04 5.53 7.59 4.07 
C.D. (0.05) NS NS NS NS NS NS 
C.V.% 3.24 4.25 3.79 3.41 4.61 4.06 
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A perusal of data presented in Table 4.1 revealed that plant 
population recorded initially and finally remained unaffected due to different 
treatments, which indicated that different treatments had no influence on 
emergence as well as on survival of plants. 
 
4.1.2 Plant height  
 
 The data on plant height as influenced by different treatments 
are presented in Table 4.2 and the analysis of variance is given in Appendix 
I. The data are also graphically depicted in Fig 4.1 
Different treatments exerted significant influence on plant 
height in 2002-03, 2003-04 and in pooled results. An examination of data 
(Table 4.2) revealed that significantly higher plant height was recorded with 
treatment T12 (100% recommended dose of fertilizer + 20 t FYM ha-1 + 
Rhizobium + PSM) which was statistically at par with treatments viz; T11 
(100% recommended dose of fertilizer + Rhizobium + PSM), T10 (50% 
recommended dose of fertilizer + 10 t FYM ha-1 + Rhizobium + PSM), T9 
(50% recommended dose of fertilizer + 10 t FYM ha-1), T7 (100% 
recommended dose of fertilizer), T8 (50% recommended dose of fertilizer + 
Rhizobium + PSM), and T2 (20 t FYM ha-1) in both the years as well as in 
pooled results The lowest plant height was recorded with treatment T1 
(control) in both the years as well as in pooled results.  
 
4.1.3 Plant spread 
 
The data on Plant spread recorded at harvest are presented in 
Table 4.2 and their analysis of variance is furnished in Appendix I.  
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Table 4.2 Effect of different treatments on plant height and plant 
spread at harvest 
 
             Plant height (cm)      Plant spread (cm) 
                          --------------------------------         --------------------------------    
Treatments     2002-03  2003-04 Pooled 2002-03 2003-04     Pooled 
  
 T1  26.30 28.50 27.40 33.40 33.13 33.26 
 T2  32.10 36.00 34.05 38.00 39.00 38.50  
 T3  28.10 31.81 29.96 34.69 34.75 34.72 
 T4  28.50 32.90 30.70 35.97 36.28 36.12 
 T5  28.60 32.60 30.60 34.95 36.25 35.60 
 T6  28.73 33.00 30.86 35.40 37.05 36.23 
 T7      32.50       37.20 34.85 39.60 41.15 40.38 
 T8  32.13 36.20 34.16 35.95 37.05 36.50 
 T9  32.80 37.60 35.20 38.91 40.30 39.61 
 T10  33.10 38.45 35.78 39.34 40.55 39.95 
 T11  33.70 38.65 36.18 38.05 40.25 39.15 
 T12  35.20 38.70 36.95 41.25 43.04 42.14 
 S. Em +  2.00 1.7 0 1.1 4 2.06 1.60 1.13  
 C.D. (0.05) 5.77 4.88 3.21 NS 4.61 3.20 
 C.V.%  11.20 8.36 9.72 9.63 7.25 8.49 
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It is obvious from the data (Table 4.2) that plant spread 
recorded in the year 2002-03 was not influenced significantly by the 
treatments. Difference in plant spread due to different treatments was 
significant in the year 2003-04 as well as in pooled results. The maximum 
plant spread was recorded in treatment T12 (100% recommended dose of 
fertilizer + 20 t FYM  ha-1  + Rhizobium + PSM) in the year 2003-04 (43.04 
cm) and in pooled results (42.14 cm), but it was found statistically at par 
with the treatments T7 (100% recommended dose of fertilizer),  T10 (50% 
recommended dose of fertilizer + 10 t FYM ha-1 + Rhizobium + PSM), T9 
(50% recommended dose of fertilizer + 10 t FYM ha-1) T11 (100% 
recommended dose of fertilizer + Rhizobium + PSM) 
 
and T2 (20 t FYM)  
except T2 (20 t FYM) in pooled results.  On the other hand treatment T1 
(control) recorded significantly the lowest plant spread though it remained at 
par with treatment T3 (Rhizobium + PSM), T5 (50% P2O5 ha-1 + Rhizobium), 
T4 (50% N ha-1 + PSM) and T6 (50% RDF) in 2003-04 and T8  in pooled 
results. 
 
4.1.4 Number of branches per plant 
 
The data pertaining to number of branches per plant recorded at 
harvest are reported in Table 4.3 and their analysis of variance is furnished 
in Appendix I. 
A perusal of data presented in Table 4.3 revealed that the 
number of branches per plant remained unaffected by different treatments 
during the year 2002-03 whereas in the year 2003-04 and in pooled results 
different treatments had significant influence on number of branches per 
plant. Significantly maximum number of branches per plant 5.53 and 5.31 in  
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Table 4.3 Number of branches per plant at harvest as influenced by 
various treatments 
                                      Number of branches per plant  
                                                                
Treatment 2002-03 2003-04 Pooled 
 
T1 4.28 4.45 4.36 
T2 4.70 4.83 4.76 
T3 4.33 4.50 4.41 
T4 4.48 4.60 4.54 
T5 4.63 4.65 4.64 
T6 4.73 4.80 4.76 
T7 4.88 5.10 4.99 
T8 4.73 4.80 4.76 
T9 4.90 5.15 5.03 
T10 4.90 5.25 5.08 
T11 5.03 5.45 5.24 
T12 5.10 5.53 5.31 
S.Em.± 0.27 0.22 0.15 
C.D. at 5 % NS 0.63 0.43 
C.V. % 9.96 7.71 8.87 
 
 
 
                                                                                                    Experimental Results                          
 
 
74
2003-04 and in pooled results, respectively were observed with treatments 
T12 (100% recommended dose of fertilizer + 20 t FYM + Rhizobium + PSM), 
which was statically at par with treatments viz; T11 (5.45), T10 (5.25), T9 
(5.15) and T7 (5.10) in 2003-04 and also T11 (5.24), T10 (5.08), T9 (5.03) and 
T7 (4.99) in pooled results. Significantly minimum number of branches per 
plant (4.45 and 4.36 in 2003-04 and in pooled results, respectively) was 
recorded with treatment T1 (control) that remained at par with treatments T3 
(Rhizobium + PSM), T4 (50% N ha-1 + PSM), T5 (50% P2O5 ha-1 + Rhizobium) 
T6 (50% RDF), T8 (50% recommended dose of fertilizer + Rhizobium + 
PSM) and T2 (20 t FYM ha-1) in the year 2003-04 and also in pooled results. 
 
4.1.5 Number of nodules per plant 
 
The data regarding number of nodules per plant recorded at 40 
DAS and 80 DAS are given in Table 4.4 and their analysis of variance is 
provided in Appendix II.  
  
A.   At 40 DAS. 
  
 A perusal of data indicated that among different treatments, 
treatment T12 (100% recommended dose of fertilizer + 20 t FYM ha-1 + 
Rhizobium + PSM) has pronounced effect on number of nodules per plant 
during both the years which gave significantly the maximum number of 
nodules per plant but did not differ significantly from treatments viz; T11 
(100% recommended dose of fertilizer + Rhizobium + PSM), T10 (50% 
recommended dose of fertilizer + 10 t FYM ha-1 + Rhizobium + PSM), T9 
(50% recommended dose of fertilizer + 10 t FYM ha-1), T7 (100% 
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Table 4.4 Effect of different treatments on number of nodules per 
plant at 40 and 80 days after sowing 
 
               Number of nodules per plant 
-------------------------------------------------------------------------------------------- 
                 40 DAS   80 DAS 
                         -------------------------------- --------------------------------- 
Treatments     2002-03  2003-04 Pooled 2002-03 2003-04     Pooled 
  
 T1  5.35 6.58 5.96 11.45 13.05 12.25 
 T2  7.38 8.63 8.00 15.48 16.78 16.13
 T3  5.55 6.95 6.25 11.68 14.40 13.04 
 T4  5.63 6.95 6.29 12.48 14.60 13.54 
 T5  5.90 7.05 6.48 13.25 14.25 13.75 
 T6  6.58 8.30 7.44 14.38 15.30 14.84 
 T7 7.68 8.65 8.16 16.28 16.33 16.30
 T8 6.98 8.35 7.66 14.95 16.18 15.56  
 T9  7.80 8.65 8.23 17.28 16.58 16.93 
 T10  7.85 8.70 8.28 17.70 16.35 17.03 
 T11  7.98 8.73 8.35 17.20 16.50 16.85 
 T12  8.38 8.93 8.65 18.18 17.23 17.70 
 S. Em +  0.39 0.38 0.23 0.69 1.09 0.56 
 C.D. (0.05) 1.11 1.10 0.66 2.00 NS 1.58 
 C.V.%  9.68 8.20 8.89 8.00 12.05 10.31 
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recommended dose of fertilizer) and T2 (20 t FYM) during 2002-03, 2003-04 
as well as in pooled results. The control treatment (T1) recorded significantly 
the lowest number of nodules per plant and remained statistically at par with 
treatment T3 (Rhizobium + PSM), T4 (50% N ha-1 + PSM) and T5 (50% P2O5 
ha-1 + Rhizobium) in both the years as well as in pooled results.  
From the pooled data of two years it was obvious that treatment  
T12 (100% recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + 
PSM)  gave significantly the highest number of nodules per plant (8.65) but 
it was found statistically at par with treatments T11 (100% recommended 
dose of fertilizer + Rhizobium + PSM), T10 (50% recommended dose of 
fertilizer + 10 t FYM ha-1 + Rhizobium + PSM), T9 (50% recommended dose 
of fertilizer + 10 t FYM ha-1) and T7 (100% recommended dose of fertilizer). 
Treatment T1 (control) gave significantly the lowest number of nodules per 
plant (5.96) that was statistically at par with treatments T3 (Rhizobium + 
PSM), T4 (50% N ha-1 + PSM) and T5 (50% P2O5 ha-1 + Rhizobium).  
 
B. At 80 DAS 
  
 Analysis of data (Table 4.4) revealed that the effect of different 
treatments exerted significant influence on number of nodules per plant 
recorded at 80 DAS in the year 2002-03 and in pooled results.  
Treatment T12 (100% recommended dose of fertilizer + 20 t 
FYM ha-1 + Rhizobium + PSM) recorded significantly the highest number of 
nodules per plant in 2002-03 and in pooled results closely followed by 
treatments T10 (50% recommended dose of fertilizer + 10 t FYM ha-1 + 
Rhizobium + PSM), T9 (50% recommended dose of fertilizer  + 10 t FYM ha-
1 ) and T11 (100% recommended dose of fertilizer + Rhizobium + PSM) in the 
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year 2002-03 and also in pooled results. Significantly the lowest number of 
nodules per plant was recorded with treatments T1 (control) in both the years 
and in pooled results, but it was statistically at par with treatment T3 
(Rhizobium + PSM), T4 (50% N ha-1 + PSM) and T5 (50% P2O5 ha-1  + 
Rhizobium) in the year 2002-03 as well as in pooled results. 
 
4.1.6 Dry matter production per plant (g) 
 
The data pertaining to the effect of different treatments on dry 
matter production (g/plant) at harvest are presented in Table 4.5. The 
analysis of variance is given in Appendix II. 
A perusal of data in Table 4.5 revealed that significantly the 
highest dry matter production was recorded with treatment T12 (100% 
recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + PSM) but it 
was found statistically at par with treatments T10 (50% recommended dose of 
fertilizer + 10 t FYM ha-1 + Rhizobium + PSM), T11 (100% recommended 
dose of fertilizer + Rhizobium + PSM),  T9 (50% recommended dose of 
fertilizer + 10 t FYM ha-1) and T7 (100% recommended dose of fertilizer) in 
both the years as well as in pooled results.  
Significantly the lowest dry matter production per plant was 
registered with treatment T1 (control) but did not differ significantly from T3 
(Rhizobium + PSM), T4 (50% N ha-1 + PSM) and T5 (50% P2O5 ha-1+ 
Rhizobium) in average results.  
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Table 4.5 Effect of different treatments on dry matter production per 
plant at harvest (g)                      
 
 Treatments                      Dry matter production per plant (g)    
                    -----------------------------------------------------------  
       2002-03  2003-04                Pooled  
  
T1  8.68 9.10 8.89 
 T2  11.04 10.95 11.00 
T3  9.42 9.98 9.70 
T4  9.86 10.02 9.94 
 T5  10.14 10.27 10.21 
 T6  10.74 10.86 10.80 
 T7  12.45 12.68 12.56 
 T8  11.10 11.81 11.45 
 T9  12.72 13.02 12.87 
 T10  12.89 13.60 13.25 
 T11  12.88 13.56 13.22 
 T12  13.41 14.40 13.91 
   S.Em     0.78     0.79 0.48 
  C.D.(0.05)     2.25   2.29   1.36 
  C.V.%   11.98   11.76  11.87 
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4.2   Yield attributes and yield 
4.2.1 Number of pods per plant 
 
The data on number of pods per plant recorded at harvest are 
presented in Table 4.6 and their analysis of variance is furnished in 
Appendix II. The data are also graphically depicted in Fig. 4.2. 
It was revealed from the results that different treatments 
exhibited significant influence on number of pods per plant during both the 
years as well as in pooled results. Significantly the highest number of pods 
per plant was recorded with treatment T12  (100% recommended dose of 
fertilizer + 20 t FYM ha-1  + Rhizobium + PSM) viz., 36.00, 38.90 and 37.45 
in 2002-03, 2003-04 and in pooled results, respectively, which was 
statistically at par with treatments T10 (50 % recommended dose of fertilizer 
+ 10 t FYM ha-1 + Rhizobium + PSM), T9 (50% recommended dose of 
fertilizer + 10 t FYM ha1), T11 (100% recommended dose of fertilizer + 
Rhizobium + PSM), and T7 (100% recommended dose of fertilizer) in both 
the years and in pooled results. Significantly the lowest numbers of pods per 
plant were observed with treatment T1 (control) viz., 24.50, 27.43 and 25.96 
in 2002-03, 2003-04 and pooled result, respectively, but it did not differ 
significantly from treatments T3 (Rhizobium + PSM), T4 (50% N ha-1+ PSM), 
T5 (50% P2O5 ha-1 + Rhizobium), T6 (50% RDF), T2 (20 t FYM ha-1) and T8 
(50% recommended dose of fertilizer + Rhizobium + PSM) in both the years 
and T3  (Rhizobium + PSM), T4 (50% N ha-1+ PSM) and T5 (50% P2O5 ha-1 + 
Rhizobium) in pooled results.  
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Table 4.6 Effect of different treatments on number of pods per plant                        
 
Treatments          Number of pods per plant    
               --------------- --------------------------------------------------  
    2002-03   2003-04  Pooled  
  
 T1   24.50      27.43                      25.96 
 T2   28.35    32.13                      30.24 
 T3   25.00    28.90  26.95  
 T4   26.95    30.60   28.78 
 T5   27.50    31.00  29.25 
 T6   27.98    31.60  29.79  
 T7   31.68    36.63  34.15 
 T8   28.48    32.25  30.36 
 T9   32.43    36.88  34.65 
 T10   34.78    38.53   36.65 
 T11   32.10    36.65  34.38 
 T12   36.00    38.90  37.45 
 S.Em         1.71      2.12    1.18  
 C.D.(0.05) 4.93      6.10    3.33 
 C.V.%  9.99    10.97                 10.57 
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4.2.2 Number of grains per plant 
 
Data pertaining to the effect of different treatments on number 
of grain per plant are presented in Table 4.7 and also depicted in Fig 4.3. 
The analysis of variance is given in Appendix III. 
In general, application of various treatments significantly 
influenced the number of grains per plant (Table 4.7). Beneficial effect of 
treatment T12 (100% recommended dose of fertilized + 20 t FYM ha-1 + 
Rhizobium + PSM) in case of number of grains per plant was observed. 
Significantly the maximum number of grains per plant were observed with 
this treatments viz., 49.98, 54.95 and 52.46 in 2002-03, 2003-04 and in 
pooled results, respectively. Which were statistically at par with treatments 
T10 (50% recommended dose of fertilizer + 10 t FYM ha-1 + Rhizobium + 
PSM), T9 (50% recommended dose of fertilizer + 10 t FYM ha-1), T11 (100% 
recommended dose of fertilizer + Rhizobium + PSM), and T7 (100% 
recommended dose of fertilizer) in both the years and in pooled results. 
Significantly the minimum number of grains per plant was obtained with 
treatment T1 (control), but it was found statistically at par with treatments T3  
(Rhizobium + PSM), T4 (50% N   ha-1+ PSM), T5 (50% P2O5 ha-1 + Rhizobium) 
and T6 (50% RDF) in 2002-03 and 2003-04 and T3 (Rhizobium + PSM), T4 
(50% N ha-1+ PSM) and T5 (50% P2O5 ha-1 + Rhizobium) in pooled results.  
 
4.2.3           Grain yield per plant 
 
The data regarding the effect of different treatments on grain 
yield per plant recorded at harvest are presented in Table 4.8 and their 
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Table 4.7 Effect of different treatments on number of grains per plant                      
 
 Treatments           Number of grains per plant    
        ----------------------------------------------------- ---- 
  
    2002-03   2003-04  Pooled  
  
 T1   35.03         41.35  38.19 
 T2   42.53    48.03  45.28 
 T3   37.98    39.35  39.69  
 T4   40.43    41.90  41.16  
 T5   41.55    42.88  42.21  
 T6   41.98    43.40  42.69  
 T7   46.15    50.98  48.56  
 T8   42.73    48.33  45.53  
 T9   46.70    51.30  49.00  
 T10   47.65    53.05  50.35 
 T11   46.18    51.00  48.59 
 T12   49.98    54.95  52.46 
 S.Em           2.43      2.21    1.42  
 C.D.(0.05)   7.00      6.37    4.02 
 C.V.%    9.74    8.09  8.89  
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Table 4.8 Effect of different treatments on grain yield per plant  
 
 Treatments              Grain yield per plant (g)          
                 -----------------------------------------------------------  
    2002-03   2003-04  Pooled  
  
 T1   4.35         4.88  4.62 
 T2   6.66    7.24  6.95 
 T3   4.84    5.33  5.09  
 T4   5.10    5.47  5.29  
 T5   5.26    5.59  5.42  
 T6   6.62    7.23  6.92  
 T7   7.30    7.46  7.38  
 T8   6.70    7.33  7.01  
 T9   8.26    8.60  8.43  
 T10   8.57    8.87  8.72 
 T11   7.44    7.49  7.46 
 T12   8.86    8.92  8.89 
 S.Em         0.45      0.49    0.29  
 C.D.(0.05) 1.31      1.41    0.82 
 C.V.%  11.80    12.08  11.95  
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analysis of variance in furnished in Appendix III. The data are also 
graphically depicted in Fig 4.4. 
Various treatments showed significant effect on grain yield per 
plant. Significantly maximum grain yield per plant was recorded under 
Treatments T12 (100% recommended dose of fertilizer + 20 t FYM ha-1 + 
Rhizobium + PSM) in both the years and in pooled results, but it was 
statistically at par with treatment T10 (50% recommended dose of fertilizer + 
10 t FYM ha-1 + Rhizobium + PSM) and T9 (50% recommended dose of 
fertilizer + 10 t FYM ha1). 
Significantly the highest grain yield per plant was registered 
under the T12, which was 8.86, 8.92 and 8.89 in 2002-03, 2003-04 and in 
pooled results, respectively. Whereas, significantly the lowest grain yield per 
plant were recorded under the T1 (control) in both the years and in pooled 
results, but it was statistically at par with treatment T3 (Rhizobium + PSM), 
T4 (50% N ha-1  + PSM) and T5 (50% P2O5 ha-1 + Rhizobium) in 2002-03, 
2003-04 and in pooled results. The remaining treatments (T11, T7, T8, T2, and 
T6) were found significant over control, but they were at par with each other 
in both years as well as in pooled analysis.  
 
4.2.4           Test weight (g) 
 
The mean data on test weight as influenced by different 
treatments are presented in Table 4.9 and their analysis of variance is given 
in Appendix III. The data are also graphically depicted in Fig 4.5. 
Different treatments significantly affected the test weight in 
both the year as well as in pooled results. Treatments T12 (100% 
recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + PSM)  
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Table 4.9 Effect of different treatments on test weight (g)                      
 
 Treatments                       Test weight (g)    
                    -----------------------------------------------------------  
    2002-03   2003-04  Pooled  
  
 T1   13.02         13.12  13.37 
 T2   15.66    16.16  15.91 
 T3   13.50    13.26  13.38  
 T4   14.37    14.80  14.59  
 T5   13.76    14.00  13.88  
 T6   15.48    16.00  15.74  
 T7   16.70    16.63  16.67  
 T8   15.96    16.46  16.21  
 T9   16.96    17.44  17.20  
 T10   18.21    18.73  18.47 
 T11   16.84    17.20  17.02 
 T12   18.71    18.81  18.76 
 S.Em         0.66      0.75    0.43  
 C.D.(0.05) 1.89      2.16    1.22 
 C.V.%  7.23    8.11  7.69  
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recorded significantly higher test weight of 18.71, 18.81 and 18.76(g) in 
2002-03, 2003-04 and in pooled results, respectively over rest of the 
treatments. However, this treatment remained statistically equally effective 
with treatment T10 (50% recommended dose of fertilizer + 10 t FYM ha-1 + 
Rhizobium + PSM), T9 (50% recommended dose of fertilizer + 10 t FYM 
ha1) and T11 (100% recommended dose of fertilizer + Rhizobium + PSM) in 
2002-03 and 2003-04 while in pooled results it was at par with treatment T10 
(50% recommended dose of fertilizer + 10 t FYM ha-1 + Rhizobium + PSM) 
only. 
 Significantly the lowest test weight was recorded with 
treatment T1 (control) viz., 13.02, 13.12 and 13.37(g) in 2002-03, 2003-04 
and in pooled results, respectively, but remained statistically at par with 
treatments T3 (Rhizobium + PSM), T5 (50% P2O5 ha-1 + Rhizobium) and T4 
(50% N ha-1) in both the years and in pooled results. 
 
4.2.5           Grain yield (kg ha-1)  
 
The grain yield of gram as influenced by various is treatments 
are presented in Table 4.10 and their analysis of variance is furnished in 
Appendix III. The data are also depicted graphically in Fig.4.6. 
Difference in grain yield due to different treatments was 
significant in both the years as well as in pooled results. Significantly the 
highest grain yield of 2014, 2087 and 2050 kg ha-1 (2002-03, 2003-04 and in 
pooled results, respectively) was noted under treatment T12 (100 % 
recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + PSM) being 
statistically at par with treatments T10 (50 % recommended dose of fertilizer 
+ 10 t FYM ha-1 + Rhizobium + PSM) in 2002-03. Similar trend was also  
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Table 4.10 Effect of different treatments on grain yield and straw yield  
 
Treatment      Grain yield (kg ha-1)    Straw yield (kg ha-1) 
       ------------------------------- ------------------------------- 
   
  2002-03 2003-04 Pooled 2002-03 2003-04     Pooled 
  
T1  1316 1407 1361 1945 2039 1992 
T2  1550 1663 1607 2370 2428 2399 
T3  1328 1422 1375 1993 2091 2042 
T4  1330 1521 1426 2002 2242 2122 
T5  1426 1544 1485 2098 2267 2182 
T6  1429 1550 1490 2132 2286 2209 
T7  1584 1688 1636 2408 2428 2418 
T8  1554 1676 1615 2364 2408 2386 
T9  1768 1823 1796 2477 2561 2519 
T10  1909 1931 1920 2672 2705 2688 
T11  1702 1721 1711 2476 2466 2471 
T12  2014 2087 2050 2871 2924 2897 
S. Em + 77.94 74.74 46.76 130.94 119.59 76.79  
C.D. (0.05) 224.43 215.19 132.12 377.02 344.34 216.97 
C.V.% 8.57 7.75 8.15 9.79 8.62 9.20 
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observed during 2003-04 and in pooled results. The per cent increase in 
grain yield due to treatment T12 was to the tune of 53.03, 48.33 and 50.62 
over control (T1) in 2002-03, 2003-04 and in pooled results, respectively. 
Significantly the minimum grain yield of 1316, 1407 and 1361 
kg ha-1 was recorded with treatment T1 (control) during 2002-03, 2003-04 
and in pooled results, respectively, which did not differ significantly from 
those recorded with treatment T3 (Rhizobium + PSM), T4 (50% N ha-1 + 
PSM), T5 (50% P2O5 ha-1 + Rhizobium), and T6 (50% RDF) in 2002-03, 2003-
04 and in pooled results.  
 
4.2.6            Straw yield (kg ha-1)  
 
Data regarding the effect of different treatments on straw yield 
of gram are reported in Table 4.10 and their analysis of variance is furnished 
in Appendix III.  Graphically presentation of the data is illustrated in Fig. 
4.6. 
A critical examination of data (Table 4.10) revealed that straw 
yield of gram was significantly influenced by the different treatments. 
Significantly the highest straw yield of 2871, 2924 and 2897 kg ha-1 (2002-
03, 2003-04 and in pooled results, respectively) was recorded in treatment 
T12  (100% recommended dose of fertilizer + 20 t FYM ha-1  + Rhizobium + 
PSM) which were 47.60, 43.40, and 45.43 per cent higher than those 
obtained in control treatment (T1) in 2002-03, 2003-04 and in pooled results, 
respectively and statistically at par with treatments T10 (50% recommended 
dose of fertilizer + 10 t FYM ha-1  + Rhizobium + PSM) in 2002-03, 2003-04 
and in pooled results. 
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Significantly the lowest straw yield of gram was recorded with 
treatment T1 (control) but statistically it did not differ from treatments T3 
(Rhizobium + PSM), T4 (50% N ha-1 + PSM) and T5 (50% P2O5 ha-1 + 
Rhizobium) in 2002-03, 2003-04 and in pooled results. 
 
4.2.7            Harvest Index 
 
 The data on harvest Index (%) as influenced by different 
treatments are presented in Table 4.11 and the analysis of variance is 
furnished in Appendix IV. 
 Different treatments did not bring significant variation in 
harvest index (H1) in any of the years as well as in pooled results.  
 
4.2.8 Biological yield 
 
 The data on biological yield of gram for the different treatments 
are given in Table 4.12 and the analysis of variance is furnished in Appendix 
IV. 
 A perusal of data revealed that different treatments significantly 
influenced the biological yield in both the years as well as in pooled results. 
The maximum biological yield was recorded with treatment T12 (100% 
recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + PSM), being 
statistically at par with treatments T10 (50% recommended dose of fertilizer 
+ 10 t FYM ha-1 + Rhizobium + PSM) in 2002-03, 2003-04 and in pooled 
results. 
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Table 4.11 Effect of different treatments on Harvest index (%)                      
 
 Treatments                       Harvest index (%)    
                    -----------------------------------------------------------  
    2002-03   2003-04  Pooled  
  
 T1   39.14    38.59  38.86 
 T2   40.81    40.65  40.73 
 T3   40.59    40.47  40.53 
 T4   40.48    40.41  40.44  
 T5   40.54    40.44  40.49 
 T6   40.47    40.42  40.44 
 T7   40.70    40.64  40.67 
 T8   41.81    41.57  41.69 
 T9   41.65    41.60  41.62 
 T10   41.37    41.83  41.60 
 T11   41.64    41.67  41.65 
 T12   42.23    42.08  42.16 
 S.Em         1.33    1.20  0.78 
 C.D.(0.05) NS    NS  NS 
 C.V.%  5.64    5.10  5.38 
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Table 4.12  Effect of different treatments on biological yield (Kg/ha-1)    
 
 Treatments                 Biological yield (Kg/ha-1)    
                    -----------------------------------------------------------  
    2002-03   2003-04  Pooled  
  
 T1  3261 3446 3353 
 T2 3920 4091 4005 
 T3 3321 3513 3417 
 T4 3332 3763 3547 
 T5 3524 3811 3667  
 T6 3561 3836 3699 
 T7 3992 4116 4054 
 T8 3918 4084 4001 
 T9 4245 4384 4315 
 T10 4581 4637 4609 
 T11 4178 4187 4182  
 T12 4885 5011 4948 
 S.Em 178.44 187.59 112.11 
 C.D.(0.05) 513.80 540.14 316.75 
 C.V.% 7.94 7.98 7.96 
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 The highest biological yield (4885, 5011 and 4948 kg ha-1) was 
recorded under T12 (100% recommended dose of fertilizer + 20 t FYM ha-1 + 
Rhizobium + PSM) during both the years and in pooled results. 
Treatment T1 (control) recorded significantly the lowest 
biological yield and which was found statistically at par with T3 (Rhizobium 
+ PSM), T4 (50% N ha-1 + PSM), T5 (50% P2O5 ha-1 + Rhizobium) and T6 (50% 
RDF) in 2002-03, 2003-04 and T3 (Rhizobium + PSM), T4 (50% N ha-1 + 
PSM) and T5 (50% P2O5 ha-1 + Rhizobium) in pooled results. 
             
 
4.3 Quality parameters 
4.3.1 Protein content 
 
The data pertaining to the protein content in grain are presented 
in Table 4.13 and their analysis of variance is given in Appendix IV. The 
data are also illustrated in Fig.4.7. 
Protein content in grain was maximum in treatment T12 (100% 
recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + PSM) which 
was statistically equivalent to treatments T10 (50% recommended dose of 
fertilizer + 10 t FYM ha-1 + Rhizobium + PSM), T9 (50% recommended dose 
of fertilizer + 10 t FYM ha-1), T11 (100% recommended dose of fertilizer + 
Rhizobium + PSM), T7 (50% recommended dose of fertilizer), T2  (20 t FYM 
ha-1), T8 (50% recommended dose of fertilizer + Rhizobium + PSM) and T6 
(50% RDF) in both the years and in pooled results. Significantly the lowest 
protein content was recorded with the control treatment (T1) being remained 
statistically equally effective with treatments T3 (Rhizobium + PSM), T4 
(50% N ha-1+ PSM) and T5 (50% P2O5 ha-1 + Rhizobium) in both the years as 
well as in pooled results. 
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Table 4.13  Effect of different treatments on protein content in grain    
 
 Treatments                     Protein content (%)    
                    -----------------------------------------------------------  
    2002-03   2003-04  Pooled  
  
 T1  17.61 19.79 18.70  
 T2 19.69 21.62 20.66 
 T3 17.66 19.88 18.77 
 T4 17.70 19.92 18.81 
 T5 17.97 19.99 18.98  
 T6 19.65 21.57 20.61 
 T7 19.71 21.62 20.67 
 T8 19.68 21.58 20.63 
 T9 20.24 21.69 20.96 
 T10 20.77 21.77 21.27 
 T11 19.97 21.67 20.82 
 T12 21.46 21.82 21.64 
 S.Em 0.70 0.62 0.40  
 C.D.(0.05) 2.01 1.77 1.14 
 C.V.% 6.27 5.04 5.65 
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4.4 Nutrient content and uptake by crop 
4.4.1            Nitrogen content in grain 
 
The data pertaining to nitrogen content recorded at harvest are 
given in Table 4.14 and their analysis of variance is furnished in Appendix 
V. 
Nitrogen content in grain was affected significantly due to 
different treatments at harvest in 2002-03, 2003-04 and in pooled results. 
Significantly the highest N content was recorded in treatment 
T12 (100% recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + 
PSM) viz; 3.434, 3.491 and 3.462 at harvest in 2002-03, 2003-04 and in 
pooled results, respectively, which was statistically at par with the 
treatments T10 (50% recommended dose of fertilizer + 10 t FYM ha-1 + 
Rhizobium + PSM), T9 (50% recommended dose of fertilizer + 10 t FYM ha-
1), T11 (100% recommended dose of fertilizer + Rhizobium + PSM), T7 (100% 
recommended dose of fertilizer), T2 (20 t FYM ha-1), T8 (50% recommended 
dose of fertilizer + Rhizobium + PSM) and T6 (50% RDF) in 2002-03, 2003-
04 and in pooled results. Significantly the lowest N content in grain was 
recorded with T1 (control), which was statistically at par with treatments T3 
(Rhizobium + PSM), T4 (50% N ha-1+ PSM) and T5 (50% P2O5 ha-1 + 
Rhizobium) in both the years and also in pooled results.  
 
4.4.2           Nitrogen content in straw 
 
The data regarding to nitrogen content in straw recorded at 
harvest are given in Table 4.14 and their analysis of variance is furnished in    
Appendix V. 
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Table 4.14   Effect of different treatments on N content in grain and in 
straw  
 
Treatment      N content in grain (%)    N content in straw (%) 
       ------------------------------- ------------------------------- 
  2002-03 2003-04 Pooled 2002-03 2003-04     Pooled 
  
T1  2.818 3.166 2.992 1.265 1.273 1.269  
T2  3.151 3.459 3.305 1.448 1.469 1.458  
T3  2.826 3.180 3.003 1.270 1.278 1.274 
T4  2.831 3.187 3.009 1.278 1.282 1.280 
T5  2.875 3.203 3.039 1.294 1.303 1.299 
T6  3.143 3.452 3.297 1.442 1.445 1.443 
T7  3.154 3.460 3.307 1.448 1.501 1.474 
T8  3.148 3.453 3.301 1.447 1.446 1.447 
T9  3.238 3.470 3.354 1.459 1.527 1.493 
T10  3.323 3.483 3.403 1.530 1.532 1.531 
T11  3.195 3.467 3.331 1.445 1.525 1.490 
T112  3.434 3.491 3.462 1.559 1.578 1.568 
S.Em 0.112 0.098 0.065 0.060 0.058 0.036 
C.D.(0.05) 0.322 0.283 0.182 0.173 0.166 0.102 
C. V. % 6.27 5.05 5.65 7.41 6.99 7.20 
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Nitrogen content in straw was affected significantly due to 
various treatments at harvest in 2002-03, 2003-04 and in pooled results. 
Significantly the highest N content in straw was recorded in T12 
(100% recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + 
PSM), (1.559, 1.578 and 1.568 N content (%) during 2002-03, 2003-04 and 
in pooled results, respectively) which was statistically at par with the 
treatments T10 (50% recommended dose of fertilizer + 10 t FYM ha-1 + 
Rhizobium + PSM), T9 (50% recommended dose of fertilizer + 10 t FYM ha-
1), T11 (100% recommended dose of fertilizer + Rhizobium + PSM), T7 (100% 
recommended dose of fertilizer), T2 (20 t + FYM ha-1), T8 (50% 
recommended dose of fertilizer + Rhizobium + PSM) and T6 (100% RDF) in 
both the years as well as in pooled results. Significantly the lowest N content 
in straw was recorded with treatment T1 (control), which were statistically at 
par with treatment T3 (Rhizobium + PSM), T4 (50% N ha-1+ PSM) and T5 
(50% P2O5 ha-1+ Rhizobium) in both the years as well as in pooled results. 
 
4.4.3           Phosphorus content in grain 
 
Data pertaining to phosphorus content in grain recorded at 
harvest under different treatments are given in Table 4.15 and their analysis 
of variance is furnished in Appendix V. 
Phosphorus content in grain was affected significantly due to 
various treatments at harvest in both the years and in pooled results.  
Significantly the highest phosphorus content in grain was 
recorded with treatment T12 (100% recommended dose of fertilizer + 20 t 
FYM ha-1 + Rhizobium + PSM) at harvest in both the years and in pooled 
results, which was statically at par with treatment T10 (50% recommended  
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Table 4.15   Effect of different treatments on P content in grain and 
straw  
 
Treatment      P content in grain (%)    P content in straw (%) 
       ------------------------------- ------------------------------- 
  2002-03 2003-04 Pooled 2002-03 2003-04     Pooled 
  
T1  0.491 0.489 0.490 0.125 0.127 0.126  
T2  0.552 0.545 0.549 0.138 0.135 0.136  
T3  0.500 0.511 0.505 0.127 0.130 0.128 
T4  0.502 0.516 0.509 0.127 0.132 0.130 
T5  0.503 0.517 0.510 0.127 0.133 0.130 
T6  0.546 0.539 0.543 0.136 0.134 0.135 
T7  0.562 0.563 0.562 0.140 0.141 0.140 
T8  0.548 0.540 0.544 0.136 0.134 0.135 
T9  0.562 0.563 0.563 0.144 0.142 0.143 
T10  0.563 0.566 0.565 0.145 0.143 0.144 
T11  0.556 0.552 0.554 0.140 0.140 0.140  
T112  0.564 0.570 0.567 0.148 0.143 0.145 
S.Em 0.011 0.017 0.009 0.002 0.003 0.002 
C.D.(0.05) 0.033 0.048 0.025 0.008 0.007 0.005 
C. V. % 3.67 5.36 4.60 3.64 2.96 3.32 
 
 
                                                                                                    Experimental Results                          
 
 
98
dose of fertilizer + 10 t FYM ha-1 + Rhizobium + PSM), T9 (50% 
recommended dose of fertilizer + 10 t FYM ha1), T7 (100% recommended 
dose of fertilizer), T11 (100% recommended dose of fertilizer + Rhizobium + 
PSM), T2 (20 t FYM ha1), T8 (50% recommended dose of fertilizer + 
Rhizobium + PSM) and T6 (50% RDF) and in both the years as well as in 
pooled results. Treatment T1 (control) recorded significantly the lowest 
phosphorus content in grain at harvest but remained statistically at par with 
treatments T3 (Rhizobium + PSM), T4 (50% N ha-1 + PSM), and T5 (50% P2O5 
ha-1+ Rhizobium) in both the years as well as in pooled results. 
 
4.4.4 Phosphorus content in straw 
    
 Effect of different treatments on phosphorus content in straw 
are presented in Table 4.15 and their analysis of variance is furnished in   
Appendix V. 
A perusal of data in Table 4.15 revealed that different 
treatments significantly affected phosphorus content in straw during both the 
individual years as well as in pooled results. Significantly the highest 
phosphorus content in straw was recorded with treatment T12 (100% 
recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + PSM) but it 
was found statistically at par with treatment T10 (50% recommended dose of 
fertilizer + 10 t FYM ha-1 + Rhizobium + PSM), T9 (50% recommended dose 
of fertilizer + 10 t FYM ha1), T11 (100% recommended dose of fertilizers + 
Rhizobium + PSM), T7 (100% recommended dose of fertilizer), T2 (20 t + 
FYM ha1), T8 (50% recommended dose of fertilizer + Rhizobium + PSM), 
and T6 (100% RDF) in both the years and in pooled results. Treatment T1 
(control) recorded significantly the lowest phosphorus content in straw at 
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harvest but remained statistically at par with treatment T3 (Rhizobium + 
PSM), T4 (50% N ha-1 + PSM) and T5 (50% P2O5 ha-1 + Rhizobium)) in 2002-
03, 2003-04 and in pooled results. 
 
4.4.5          Total N uptake by crop 
 
The data on total N uptake at harvest are given in Table 4.16 
and the analysis of variance is furnished in Appendix VI. The data are also 
illustrated in Fig 4.8. 
N uptake by crop differed significantly due to different 
treatments in both the years and in pooled results. 
Significantly higher N uptake was recorded with treatment T12 
(100% recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + 
PSM), which was found statistically at par with treatment T10 (50% 
recommended dose of fertilizer + 10 t FYM ha-1 + Rhizobium + PSM). 
Significantly the lowest total N uptake was recorded in T1 (control) but it 
was remained statistically at par with treatments T3 (Rhizobium + PSM), T4 
(50% N ha-1 + PSM), T5 (50% P2O5 ha-1 + Rhizobium) and T6 (50% RDF) 
during both the years and T3 (Rhizobium + PSM), T4 (50% N ha-1 + PSM) 
and T5 (50% P2O5 ha-1 + Rhizobium) in pooled results. 
 
4.4.6 Total P uptake by the crop 
 
Data pertaining to the effect of different treatments on total 
uptake of phosphorus by the crop are presented in Table 4.17. The analysis 
of variance is given in Appendix VI. Data are also illustrated in Fig. 4.8. 
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Table 4.16  Effect of different treatments on N uptake by gram at 
harvest    
 
 Treatments                       N uptake (Kg ha-1)    
                    -----------------------------------------------------------  
    2002-03   2003-04  Pooled  
  
 T1  37.11 44.61 40.86  
 T2 48.83 57.54 53.18 
 T3 37.45 45.22 41.33 
 T4 37.64 48.52 43.08 
 T5 41.07 51.59 46.33  
 T6 44.87 53.48 49.18 
 T7 49.90 58.41 54.15 
 T8 49.25 57.82 53.54 
 T9 57.28 63.26 60.27 
 T10 63.38 67.40 65.39 
 T11 54.46 59.72 57.09 
 T12 69.08 72.84 70.96 
 S.Em 3.23 3.21 1.97 
 C.D.(0.05) 9.31 9.25 5.58 
 C.V.% 11.39 9.82 10.55 
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Critical examination of data (Table 4.17) revealed that uptake 
of P from the soil by the crop is significantly influenced by the different 
treatments. Uptake of phosphorus recorded under treatment T12 (100% 
recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + PSM) was 
significantly higher than rest of the treatments in both the years as well as in 
pooled results but it was found at par with treatment T10 (50% RDF + 10 t 
FYM   ha-1 + PSM) during the year 2002-03, 2003-04 and also in pooled 
results.  
Significantly the minimum phosphorus uptake noted with 
treatment control (T1) but statistically it did not differ from those recorded 
with treatment T3 (Rhizobium + PSM), T4 (50% N ha-1 + PSM), T5 (50% P2O5 
ha-1 + Rhizobium) and T6 (50% RDF) during the year 2002-03 and 2003-04 
and in the pooled results except T6 (50% RDF). 
 
4.5 Available nutrient content in soil after harvest  
4.5.1 Available nitrogen 
 
 The data regarding the available nitrogen in soil (0-30 cm 
depth) after harvest of gram as influenced by different treatments are 
displayed in Table 4.18 and analysis of variance are given in Appendix VI. 
The data are also depicted in Fig. 4.9. 
It was clear from the data that available nitrogen content in soil 
after harvest of gram was significantly influenced by different treatments 
during both the years as well as in pooled results.  
Available nitrogen content in soil was significantly higher with 
treatment T12 (100% recommended dose of fertilizer + 20 t FYM ha-1 + 
Rhizobium + PSM), viz; 236.88, 243.72 and 240.30 kg ha-1 in 2002-03,  
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Table 4.17  Effect of different treatments on P uptake by gram at 
harvest    
 
 Treatments                       P uptake (Kg ha-1)    
                    -----------------------------------------------------------  
    2002-03   2003-04  Pooled  
  
 T1  6.45 6.89 6.66  
 T2 7.90 8.98 8.44  
 T3 6.64 7.11 6.87 
 T4 6.65 7.76 7.20 
 T5 7.13 7.77 7.45  
 T6 7.29 8.17 7.73 
 T7 8.24 9.45 8.84 
 T8 7.93 9.05 8.49 
 T9 9.19 10.21 9.70 
 T10 10.31 10.81 10.56 
 T11 8.85 9.47 9.16 
 T12 10.88 11.90 11.39 
 S.Em 0.45 0.48 0.28 
 C.D.(0.05) 1.30 1.37 0.80 
 C.V.% 9.65 9.19 9.41 
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Table 4.18  Available nitrogen content in soil after harvest as 
influence by various treatments     
 
 Treatments              Available nitrogen (Kg ha-1)    
                    -----------------------------------------------------------  
    2002-03   2003-04  Pooled  
   
 T1  161.63 177.68 169.65  
 T2 222.54 236.86 229.70 
 T3 165.53 177.76 171.65 
 T4 166.13 182.80 174.47 
 T5 167.70 188.56 178.13 
 T6 194.33 213.36 203.85 
 T7 215.25 218.31 216.78 
 T8 208.69 217.58 213.13 
 T9 227.22 238.38 232.80 
 T10 232.28 240.94 236.61 
 T11 223.63 236.91 230.27 
 T12 236.88 243.72 240.30 
 S.Em 6.56 8.06 4.50 
 C.D.(0.05) 18.88 23.21 12.71 
 C.V.% 5.63 6.51 6.12 
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2003-04 and in pooled results, respectively, but remained at par with 
treatments T10 (50% recommended dose of fertilizer + 10 t FYM ha-1 + 
Rhizobium + PSM), T9 (50% recommended dose of fertilizer + 10 t FYM ha-
1), T11 (100% recommended dose of fertilizer + Rhizobium + PSM) and T2 
(20 t FYM ha-1) in both the years and in pooled results, while significantly 
the lowest available nitrogen content was recorded with T1 (control) but 
remained statistically at par with treatments T3 (Rhizobium + PSM), T4 (50% 
N ha-1 + PSM) and T5 (50% P2O5 ha-1 + Rhizobium) in both the years as well 
as in pooled results. The remaining treatments significantly found next in 
order T7 (100% recommended dose of fertilizer), T8 (50% recommended 
dose of fertilizer + Rhizobium + PSM) and T6 (100% RDF) in 2002-03, 
2003-04 and in pooled results but it were statistically at par with each other. 
 
4.5.2 Available phosphorus  
 
Data on available phosphorus content in soil (0 -30 cm depth) 
after harvest are given in Table 4.19 and their analysis of variance is given in 
Appendix VI. The data are also depicted in Fig. 4.9. 
Residual available phosphorus varied significantly due to 
different treatments in both the years and in pooled results. Treatment T12 
(100% recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + PSM) 
recorded significantly more available phosphorus in soil, which was found 
statistically at par with treatments T10 (50% recommended dose of fertilizer 
+ 10 t FYM ha-1 + Rhizobium + PSM), T9 (50% recommended dose of 
fertilizer + 10 t FYM ha-1), T11 (100% recommended dose of fertilizer + 
Rhizobium + PSM), T2 (20 t FYM ha-1), T7 (100% recommended dose of 
fertilizer) and T8 (50% recommended dose of fertilizer + Rhizobium + PSM)  
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Table 4.19  Available phosphorus content in soil after harvest as 
influence by various treatments     
 
 Treatments            Available phosphorus (Kg ha-1)    
                    -----------------------------------------------------------  
    2002-03   2003-04  Pooled  
   
 T1  19.07 19.55 19.31  
 T2 23.41 25.40 24.41 
 T3 19.04 20.65 19.84  
 T4 19.52 21.14 20.33 
 T5 19.94 21.64 20.79 
 T6 21.20 22.19 21.69 
 T7 23.05 25.04 24.04 
 T8 23.04 24.63 23.84 
 T9 24.19 26.26 25.23 
 T10 24.42 26.29 25.35 
 T11 23.42 25.97 24.69 
 T12 25.17 27.27 26.22 
 S.Em 1.37 1.41 0.85 
 C.D.(0.05) 3.96 4.07 2.41 
 C.V.% 10.77 10.27 10.51 
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in both the years as well as in pooled results. While the lowest available 
phosphorus in the soil was recorded with treatment T1 (control), which 
remained statistically at par with treatment T3 (Rhizobium + PSM), T4 (50% 
N ha-1 + PSM), T5 (50% P2O5 ha-1 + Rhizobium) and T6 (50% RDF) in both the 
years and in pooled results. 
 
4.6 Correlation studies 
  
 The correlation coefficient between independent variables (X) 
and dependent variable (Y) has been studied. It was observed that growth 
parameters (Plant height, plant spread, dry matter production per plant), 
yield attributes (Number of pods per plant, number of grains per plant, grain 
yield per plant and test weight), total uptake of nitrogen and phosphorus 
showed a positive significant correlation with grain yield of gram (Table 
4.20). 
 The correlation between grain yield and total phosphorus 
uptake was the highest (ryx9 = 0.9982) followed by total nitrogen uptake 
(ryx8 = 0.9949), number of grains per plant (ryx5 = 0.9587), number of pods 
per plant (ryx4 = 0.9561), test weight (ryx7 = 0.9515), grain yield per plant 
(ryx6 = 0.9436), dry matter production per plant (ryx3 = 0.9381), plant spread 
(ryx2 = 0.9114) and plant height (ryx1 = 0.8993. 
 It is apparent from the data that 99.63 per cent variation in total 
phosphorus uptake. Similarly, 98.98, 91.92, 91.40, 90.54, 89.04, 88.01, 
83.07 and 80.87 per cent variation in grain yield is explained on account of 
total nitrogen uptake, number of grains per plant, number of pods per plant, 
test weight, grain yield per plant, dry matter production per plant, plant 
spread and plant height, respectively.  
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Table 4.20  Correlation coefficient (r) between grain yield and growth 
parameter, yield attributes and total uptake of nutrients 
 
 Character Description of variables       r  100 r2 
  Number 
 
Y Grain yield (kg ha-1) 1 100 
X1 Plant height (cm) 0.8993** 80.87 
X2 Plant spread (cm) 0.9114** 83.07 
X3 Dry matter production/plant (g) 0.9381** 88.01 
X4 Number of pod per plant 0.9561
**
 91.40 
X5 Number of grains per plant (g) 0.9587** 91.92 
X6 Grain yield per plant (g) 0.9436** 89.04 
X7 Test weight (g) 0.9515** 90.54 
X8 N uptake (kg ha-1) 0.9949** 98.98 
X9 P uptake (kg ha-1) 0.9982** 99.63 
 
 
** Significant at 1 per cent level of probability. 
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4.7 Economics 
 
The details of gross and net realization of different treatments 
are given in Table 4.21 and their analysis of variance is provided in 
Appendix VII. The data are also depicted in Fig. 4.10. The cost of farm 
operations, and other inputs as well as selling price of gram and straw are 
given in Appendix        VIII to X. 
 
4.7.1 Gross realization 
 
Gross realization was found significantly influenced by 
different treatments in both the years as well as in pooled results (Table 
4.21). 
Treatment T12 (100% recommended dose of fertilizer + 20 t 
FYM ha-1 + Rhizobium + PSM) secured significantly maximum gross 
realization of 28480, 29503 and 28992 Rs ha-1, however, it remained 
statistically at par with treatments T10 (50% recommended dose of fertilizer 
+ 10 t FYM ha-1 + Rhizobium + PSM), in both the years as well as pooled 
results. Significantly the lowest gross realization (Rs 18612, 19902 and 
19257 Rs ha-1) was recorded with treatment T1 (control), which was found 
statistically at par with treatments T3 (Rhizobium + PSM), T4 (50% N ha-1 + 
PSM), T5 (50% P2O5 ha-1 + Rhizobium) and T6 (50% RDF) in both the years 
and also in pooled results. However, the next best treatments were T9 (50% 
recommended dose of fertilizer + 10 t FYM  
ha-1), T11 (100% recommended dose of fertilizer + Rhizobium + PSM), T7 
(100% recommended dose of fertilizer), T8 (50% recommended dose of  
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Table 4.21  Effect of different treatments on gross and net realization   
  of gram crop  
 
Treatment  Gross realization (Rs ha-1)    Net realization (Rs ha-1) 
       ------------------------------- ------------------------------- 
     2002-03   2003-04    Pooled     2002-03   2003-04  Pooled 
  
T1 18612 19902 19257  12427 12406 12416 
 T2 21937 23525 22731 12241 12062 12152 
T3 18791 20117 19454 12492 12508 12500 
T4 18820 21518 20169 12463 13828 13145 
T5 20174 21843 21008 13515 13782 13648 
T6 20219 21929 21074 13502 13787 13644 
T7 22417 23875 23146 15168 15087 15127 
T8 21992 23705 22849 15161 15449 15305 
T9 25000 25778 25389 16528 15653 16090 
T10 26993 27308 27151 18407 17069 17738 
T11 24069 24341 24205 16706 15438 16072 
T12 28480 29503 28992 17606 16634 17120 
S.Em.± 1098.69 1056.57 660.03 1098.69 1056.57 660.03 
C.D. at 5 % 3163.49 3042.21 1864.99 3163.49 3042.21 1864.99 
C.V. % 8.54 7.75 8.13 12.96 12.64 12.80 
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fertilizer + Rhizobium + PSM) and T2 (20 t FYM ha-1) in 2002-03, 2003-04 
and
 
in the pooled results. 
 
4.7.2 Net realization 
 
Net realization was found significantly influenced by different 
treatments in both the years as well as in pooled results (Table 4.21) 
The highest net realization of 18407, 17069 and 17738 Rs ha-1 
was recorded in treatment T10 (50% recommended dose of fertilizer + 10 t 
FYM ha-1 + Rhizobium + PSM) in both the years as well as pooled results, 
respectively, which remained statistically at par with treatment T12 (100% 
recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + PSM), T9 
(50% recommended dose of fertilizer + 10 t FYM ha-1) and T11 (100% 
recommended dose of fertilizer + Rhizobium + PSM) in pooled results. 
Treatment T2 (20 t FYM ha-1) registered significantly the lowest net 
realization of 12241, 12062, and 12152 in 2002-03, 2003-04 and in pooled 
results, respectively, which was at par with treatments T1 (control), T3 
(Rhizobium + PSM), T4 (50% N ha-1 + PSM), T6 (50% RDF) and T5 (50% 
P2O5 ha
-1 + Rhizobium) in pooled results.  
  
 
 
V.    DISCUSSION 
 
 
During the course of presenting the result of the experiment 
entitled “ Effect of biofertilizers on growth and yield of gram (Cicer arietinum 
L.) var. Gujarat Gram-1” in the preceding chapter, many significant 
variations in the criteria used for treatment evaluation were obtained under 
the influence of different treatments. Variation found significant or those 
assuming uniform trends are discussed in this chapter. It has been attempted 
to establish cause and effect relationship based on the results of the present 
study duly supported by available relevant literature and evidences. The 
weather data recorded during the study (Table 3.1) revealed that the weather 
was favourable for normal growth and development of gram crop. Crop 
stand was normal and uniform during both the years. The necessary control 
measures were taken when slight infection of wilt was observed at 45 to 50 
days after sowing. The crop yield was not adversely affected and treatment 
differences were observed clearly.   Hence the variations observed might 
only be attributed to the different treatments exercised in the experiment. 
 
The soil of experimental plot was clayey in texture and slightly 
alkaline in reaction with normal electrical conductivity. Fertility status of 
the soil evaluated before the commencement of investigation indicated that 
the soil was low in available nitrogen and available phosphorus and medium 
in available potash (Table 3.2).  
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The entire discussion has been partition into following major 
parts. 
 
5.1 Effect on growth parameters 
5.2 Effect on yield attributes   
5.3 Effect on yield 
5.4 Effect on quality parameters 
5.5 Effect on nutrient content and uptake by crop. 
5.6 Effect on available nutrient content in soil after harvest 
5.7 Economics 
 
5.1 Effect on growth parameters 
 
The plant growth is the function of photosynthetic activity of 
the plant and their capacity to utilize available nutrients. A perusal of data 
presented in Table 4.2 to 4.5 revealed that the application of 100% 
recommended dose of fertilizer + 20 t FYM ha-1 + Rhizobium + PSM (T12) 
recorded significantly the maximum value of growth parameters viz., plant 
height (35.20, 38.70 and 36.95 cm), and plant spread (41.25, 43.04 and 
42.14 cm), number of branches (5.10, 5.53 and 5.31), number of nodules at 
40 and 80 DAS (8.38, 8.93 and 8.65 at 40 DAS and 18.18, 17.23 and 17.70 
at 80 DAS) and dry matter production (13.41, 14.40 and 13.91g)  in 2002-
03, 2003-04 and in pooled results, respectively. However, it did not differ 
significantly from the treatments T11, T10, T9, T7, T8 and T2 in case of plant 
height, T7, T10, T9 and T11 in case of plant spread, T11, T10, T9, and T7, in case 
of number of branches per plant at harvest, T11, T10, T9, T7, and T2 in case of 
number of nodules per plant at 40 DAS, T10, T9, T11, T7, and T2 in case of 
number of nodules per plant at 80 DAS and T10, T11, T9 and T7 in case of dry 
matter production per plant in pooled results. Plant spread and number of 
branches remained unchanged during 2002-03 due to different treatments 
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(Table 4.2 and 4.3). This may be due to fact that organic manure increases 
the adsorptive power of soil for cation and anion. These adsorbed ions are 
released slowly for entire crop growth period. Moreover, it acts to improve 
physical condition of the soil, which makes the soil friable and thereby 
facilitates the proper movement of air and water and absorption of 
rainwater. Thus, increase nutrient supply alongwith congenial soil physical 
property might have resulted in accelerated the photosynthetic rate, thereby 
increasing the supply of carbohydrates to the plant thus increase plant height 
and spread. Rhizobium is free living bacteria have specific role in fixing 
atmospheric nitrogen in soil which enhance the soil fertility with respect to 
nitrogen. Likewise phosphobacteria solubilizing the fixed soil phosphorus 
and readily hydrolyzes the organic phosphate and degraded them in the soil 
through production of organic acids. In this way they increase availability of 
fixed as well as applied phosphorus to the plant. 
Moreover, phosphorus solubilizing microorganisms produce 
the growth stimulating substances viz., auxin, gibbrellin and cytokinin 
which contribute toward vigorous growth. Application of nitrogen and 
phosphorus encourage the formation of new cells, cell division and cell 
multiplication. Phosphorus application thus results in vigorous growth of 
root system, which ultimately help in better absorption and utilization of 
nutrients from soil solution as well as applied nitrogen and phosphorus, 
which reflected in terms of better overall plant growth. Thus effect of FYM, 
biofertilizers and chemical fertilizers on these growth parameters might be 
results of their synergistic effect.  
In respect to application of FYM, this finding corroborates the 
results of Dravid and Goswami (1988) and Khajanchilal and Dravid (1990) 
in case of dry matter production in mustard, Agasimani and Hosmani (1989) 
in case of plant height and number of branches per plant in peanut, Chawale 
et al. (1993) and Kachot (1999) in case of plant height, plant spread, number 
of branches per plant, number of nodules per plant and dry matter 
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production per plant in groundnut, Parmar et al. (1998) in case of plant 
height and nodules per plant  in vegetable pea. 
In respect to application of nitrogen, these findings are in 
accordance with those of Parmar (1983), Dobariya (1984) and Dudhagara 
(1995) in case of plant height, plant spread, number of branches per plant, 
number of nodules per plant and dry matter production in gram crop. 
Khokar and Warsi (1987) in case of plant height, number of branches per 
plant and dry matter production per plant in gram crop. Patel (1984) and 
Tank (1988) in case of number of branches per plant, plant height and plant 
spread in green gram, Kher et al. (1994) and Jena (1995) in case of plant 
height, plant spread, number of branches and number of nodules per plant in 
cowpea. 
In respect to application of phosphorus, the results are in close 
proximity with those obtained by Dobariya (1984) in respect to plant height, 
plant spread and number of branches per plant, Singh and Singh (1989) in 
case of dry matter production, Parihar (1990), Enania and Vyas (1994), 
Dudhagara (1995) in case of plant height, plant spread, number of branches 
per plant, number of nodules per plant and dry matter production in gram 
crop and Kachot (1999) in groundnut. Shivram and Ahlawat (2000) in case 
of plant height and number of branches per plant in pigeonpea. 
In respect to application of biofertilizers, these results are in 
agreement with those obtained by Vanparia (1991), Raut et al. (1992) and 
Dudhagara (1995) in respect to number of nodules per plant, plant height, 
plant spread, number of branches per plant and dry matter production per 
plant in gram crop. Singh and Kapoor (1992), Patel (1993b) in wheat and 
Patel (1993a) in mustard in respct to dry matter production per plant, Tomar 
et al. (1993) in respect to number of branches per plant in black gram, 
Kachot (1999) in groundnut, Gupta and Namdeo (1999) and Shah and 
Chaniyara (2001) in case of plant height, number of nodules per plant and 
dry matter production in pigeon pea. 
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5.2 Effect on yield attributes 
 
A perusal of data presented in Table 4.6 to 4.9 revealed that the 
significant effect on yield attributes viz., number of pods per plant, grains 
per plant, grain yield per plant and test weight were increased significantly 
due to different treatments. Application of 100% recommended dose of 
fertilizer +   20 t FYM ha-1 + Rhizobium + PSM (T12) remarkably increased 
the number of pods per plant (36.00, 38.90 and 37.45), grains per plant 
(49.98, 54.95 and 52.46), grain yield per plant (8.86, 8.92 and 8.89g) and 
test weight (18.71, 18.81 and 18.76g) in 2002-03, 2003-04 and in pooled 
results, respectively. However, it is statistically equivalent to treatments T10, 
T9, T11 and T7 (Table 4.6) in case of number of pods plant, T10, T9, T11 and T7 
(Table 4.7) in case of grains per plant, T10 and T9 (Table 4.8) in case of grain 
yield per plant and T10  (Table 4.9) in case of test weight in pooled results.  
Increased values in these yield attributes might have been on 
account of the overall improvement in vegetative growth, which favorably 
influenced the flowering and fruiting and ultimately resulted into increased 
number of pods per plant, as well as number of grains per plant. These two 
parameters jointly increased grain yield per plant. Application of chemical 
fertilizers alongwith FYM and biofertilizers increased the plant height, plant 
spread (Table 4.2) and number of nodules per plant (Table 4.4). Thereby dry 
matter (Table 4.5) accumulation, which favourably modified the 
translocation of photosynthetic activity and ultimately resulted in higher 
number of pods per plant, number of grains per plant and higher test weight. 
All these improved parameters jointly increased the grain yield per plant. 
 In respect to FYM, this finding corroborates the results 
obtained by Sarkar et al. (1997) in case of pods per plant, seeds per pod, test 
weight and grain yield per plant of pigeonpea over no farmyard manure, 
Malavia et al. (1998) in case of pod yields of groundnut. Parmar et al. 
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(1998) in case of pods per plant and green pod yield of vegetable pea. 
Tommar (1998) and Singh et al. (2000) in black gram and arhar in case of 
yield and yield attributes, Kachot (1999) in case of groundnut. 
 Biofertilizer brought about significant improvement in 
different yield attributes. Increase in these parameters could be ascribed to 
the improvement in plant growth, vigor and production of sufficient 
photosynthesis during later part of growth period due to biofertilizer 
application. The results are substantiated with the studies conducted by 
Jagdale et al. (1980) in respect to number of pods and grain yield per plant, 
Sharma     et al. (1989) in respect to yield attributes of gram, Dudhagara 
(1995) in gram in respect to all yield attributing parameters of gram. Singh 
et al. (1989) in cowpea in respect to higher number of pods per plant, 
number of grains per pod and pod yield. Singh et al. (1998) in pigeonpea in 
respect to number of pods per plant, seeds per pod, grain weight per plant, 
1000 seed weight, Kachot (1999) in case of groundnut in respect to number 
of pods per plant, pod weight per plant and test weight.  
In respect to chemical fertilizers, in case of nitrogen, these 
findings are in agreement with those obtained by Dobariya (1984) in case of 
number of pods per plant, grains weight per plant and test weight, Singh and 
Khangarot (1987) and Dudhagara (1995) in respect to number of pods per 
plant, number of grains per plant, grain yield per plant and test weight in 
gram crop. Chanwar et al. (1995), Ghetia (1995), and Kachot (1999) in case 
of yield attributes in groundnut and Asodariya (1994) and Detroja (1994) 
and Kachot (1999) in respect to combine application of chemical fertilizers 
and FYM or biofertilizers in maize and groundnut, respectively. Phosphorus 
plays an important role in plant metabolism. It is a structural element of 
certain co-enzymes like NADP, ATP, ADP, and AMP, which are involved 
in energy transfer and thus improves photosynthesis and increases the out 
put of photosynthetic product. Therefore increase in these parameters due to 
phosphorus application could be ascribed to the overall improvement in 
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plant growth, vigour and production of sufficient photosynthates. In case of 
phosphorus, this findings are similar to the findings of Srinivasa and Varma 
(1984) in respect to number of pods per plant and grain yield per plant and 
test weight, Singh and Singh (1989) in respect to number of pods, number of 
grains and grain yield per plant, Parihar (1990), Patel and Patel (1991), 
Prabhakar and Saraf (1991) Vanparia (1991) and Dudhagara (1995) in 
respect to number of pods, number of grains, grain yield per plant and test 
weight in gram crop. Gandhi et al. (1991) in cowpea, Kachot (1999) in 
groundnut and Shah and Chaniyara (2001) in pigeonpea. They reported that 
the application of 50 kg P2O5 ha
-1 
recorded higher pods per plant, number of 
grains per plant, grain yield per plant and test weight as compared to 
control.  
 
5.3 Effect on yield 
 
Data (Table 4.10 to 4.12) indicated that grain yield; straw yield 
and biological yield of gram were significantly affected due to different 
treatments. Grain yield, straw yield and biological yield of gram (Table 4.10 
and Table 4.12) was increased significantly due to application of 100% 
recommended dose fertilizer + 20 t FYM ha-1 + Rhizobium +PSM (T12) 
which did not differ statistically from treatments T10 (50% recommended 
dose fertilizer + 10 t FYM ha-1 + Rhizobium + PSM). Harvest index was not 
influenced significantly due to different treatments (Table 4.11). The 
magnitude of increase in grain yield, straw yield and biological yield were 
to the tune of 50.62, 45.43, and 47.57 per cent due to treatment T12 over T1, 
respectively. 
This might be due to improvement in growth characters that 
favourably modified the yield attributes and consequently yield, as these 
growth and yield attributes viz., plant height, plant spread, appreciably 
higher number of pods per plant, grain yield per plant and test weight. 
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Significant positive correlation were observed between grain yield and dry 
matter production per plant at harvest (r = 0.9381**), number of pods per 
plant (r = 0.9561**), number of grains per plant (r = 0.9587**), grain yield per 
plant (r = 0.9436**), test weight (r = 0.9515**), total uptake of nitrogen (r = 
0.9949**) and phosphorus (r = 0.9982**) which justify the effect of these 
parameters in increasing grain, straw and biological yield of gram. Increased 
number of pods per plant ultimately increased the total photosynthetic 
surface which favoured the grain development and provided additional 
opportunity to plants to fill the container to the capacity determined earlier 
with the photosynthetic product, thus leading to significantly higher yield of 
gram. 
 In respect to FYM, the result could be supported by studies of 
Dudhagara (1995), Malavia et al. (1998), Parmar et al. (1998), Tommar 
(1998), Kachot (1999) and Singh et al. (2000). In case of biofertilizer 
application, the findings are in close vicinity with the findings of Nagrajan 
et al. (1985), Singh and Gupta (1985), Patel and Patel (1991) and 
Dudhagara (1995) in gram. Kachot (1999) in groundnut. 
 In case of nitrogen application, Dobaria (1984), Khokar and 
Warsi (1987), Singh and Khangarot (1987), Patel et al. (1989) Roy and 
Singh (1989), Dudhagara (1995) and Kachot (1999). In case of phosphorus 
application, these findings are in agreement with those obtained by , Patel et 
al. (1989), Parihar (1990), Prabhakar and Safab (1991), Kumar et al. (1993) 
and Dudhagara (1995) in gram crop. Shivram and Ahlawat (2000) and Shah 
and Chaniyara (2001) in pigeonpea. However, the harvest index remained 
unaffected due to the treatments. The results are in accordance with those of  
and Dudhagara (1995) in respect to harvest index. 
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5.4 Effect on quality parameters 
 
The protein content (Table 4.13) significantly increased with 
application of 100% recommended dose fertilizer + 20 t FYM ha-1 + 
Rhizobium + PSM (T12), however, it did not differ significantly from 
treatments T10 (50% recommended dose fertilizer + 10 t FYM ha-1 + 
Rhizobium +PSM), T9 (50% recommended dose fertilizer + 10 t FYM ha-1), 
T11 (100% recommended dose fertilizer + Rhizobium +PSM), T7 (50% 
recommended dose fertilizer), T2 (20 t FYM ha-1), T8 (50% recommended 
dose fertilizer + Rhizobium + PSM) and T6 (50% recommended dose 
fertilizer). The higher protein content under treatment T12 might be due to 
the fact that nitrogen is an integral part of protein and phosphorus is 
structural element of certain co-enzymes involved in protein synthesis. The 
findings are akin to the report of Chawle et al. (1995), Ahmed  et al.  
(1997), Mondal et al. (1997) and Kachot (1999) in respect to FYM, Patel et 
al. (1986), Patel and Patel (1991), Detroja (1994), Asodariya (1994), Mehta 
et al. (1996) and Singh et al. (1998) in respect to biofertilizers, Gupta and 
Singh (1982), , Dobariya (1984), Patel and Patel (1991), Dudhagara (1995) 
in respect to nitrogen, Vadavia (1988), Singh and Ram (1990), Patel and 
Patel (1991), Dudhagara (1995) and Singh et al. (1998) in respect to 
phosphorus. 
 
5.5 Effect on nutrient content and uptake by crop     
 
Nitrogen content in grain and straw and total N uptake (Table 
4.14 and 4.16) by gram plant was significantly increased with treatment T12 
(100% recommended dose fertilizer + 20 t FYM ha-1 + Rhizobium + PSM), 
however, it was not significantly differed with treatments viz., T10, T9, T11, 
T7, T2, T8 and T6 in respect to N content in grain and T10, T9, T11, T7, T2, T8 
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and T6   in respect to N content in straw at harvest and T10 (65.39 kg ha-1) in 
respect to total N uptake at harvest in pooled results.  
The value of phosphorus content in grain and straw and total P 
uptake (Table 4.15 and 4.17) were recorded higher with treatment T12 
(0.567%), though did not differ with treatments T10 (0.565), T9 (0.563), T7 
(0.562), T11 (0.554), T2 (0.549), T8 (0.544) and T6 (0.543) in respect to P 
content in grain at harvest and T10, T9, T11, T7, T2, T8 and T6 in respect to P 
content in straw at harvest and T10 (10.56 kg ha-1) in respect to total P uptake 
at harvest in pooled results. Significant positive correlation were observed 
between grain yield and dry matter production per plant at harvest (r = 
0.9381**), number of pods per plant (r = 0.9561**), number of grains per 
plant (r = 0.9587**), grain yield per plant (r = 0.9436**), test weight (r = 
0.9515**), total uptake of nitrogen (r = 0.9949**) and phosphorus (r = 
0.9982**) which justify the effect of these parameters in increasing grain 
yield, Straw yield and biological yield of gram. Increased number of pods 
per plant ultimately increased the total photosynthetic surface which 
favoured the grain development and provided additional opportunity to 
plants to fill the container to the capacity determined earlier with the 
photosynthetic product, thus leading to significantly higher yield of gram. 
In respect to FYM, the combined application of chemical 
fertilizers along with enough bulk of FYM has always stimulated the uptake 
of N (Nambiar, 1986, Anandswarup et al., 1998) and partly might by 
because of stimulated microbes flush and improved root growth due to 
congenial soil physical condition created by addition of heavy bulk of FYM 
(Golakiya, 1988). Increase in uptake of nutrients might be outcome of 
increased availability of nutrients to the plant by decomposition of applied 
FYM. Application of N fixing biofertilizers enhance the soil N, and PSM 
produces the organic acids which may partly be responsible for quick 
release of nutrients which resulted into more content of nutrients. The 
increase in total uptake of nutrients by gram crop appears to be due to 
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cumulative effect of increased yield of grain and straw. The results 
substantiated the findings of Dudhagara (1995) in gram, Rao and Dart 
(1980) in pigeonpea, Ghosh (1997) in groundnut, Sharma and Mishra 
(1997) in Soybean, Parmar et al. (1998) in vegetable pea and Kachot (1999) 
in groundnut, they found that application of FYM significantly increased the 
N and P uptake in respect to biofertilizers, the findings are akin to the report 
of Kundu and Gaur (1982), Gaur (1985) in chickpea and Sairam et al. 
(1989) in cowpea, Vanparia (1991) and Dudhagara (1995) in gram, Rana et 
al. (1998) in pigeonpea, who reported that seed inoculation with Rhizobium 
significantly increased the N and P content as well as their uptake by grain 
and straw.   
 
5.6 Effect on available nutrient content in soil after harvest 
 
Available nitrogen and phosphorus (Table 4.18 and 4.19) status 
in soil after harvest of gram was increased significantly with application of 
100% recommended dose fertilizer + 20 t FYM ha-1 + Rhizobium + PSM 
(T12) viz., 240.30 kg ha-1 and 26.22 kg ha-1 in pooled results, respectively. 
However, it is statistically at par with treatment T10 (236.61 kg ha-1), T9 
(232.80 kg ha-1), T11 (230.27 kg ha-1) and T2 (229.70 kg ha-1) in respect to 
available nitrogen in soil and T10 (25.35 kg ha-1), T9 (25.23 kg ha-1), T11 
(24.69 kg ha-1), T2 (24.41 kg ha-1), T7 (24.04 kg ha-1) and T8 (23.84 kg ha-1) in 
respect to available phosphorus in soil in pooled results. High status of 
available nitrogen and phosphorus in soil after harvest of gram crop was due 
to addition of FYM, chemical fertilizers and biofertilizers. In addition to 
this, carbon dioxide and organic acids released during the process of 
decomposition, which increase the availability of nutrients from native as 
well as applied fertilizers. Rhizobium fixed the atmospheric nitrogen and 
phosphobacteria solubilized the fixed phosphate by secretion of organic 
acids and phosphate enzymes. These all might have contributed towords 
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increased available status of soil with respect to these nutrients. The results 
confirmed to reports of Badanar et al. (1990), Patel (1994), Bellakki et al. 
(1998) in respect to FYM, Sairam et al. (1984) in respect to available N in 
cowpea, Banik and Dey (1982) and Mehta (1993) in groundnut in respect to 
available phosphorus in respect to biofertilizers. In case of chemical 
fertilizers, Verma et al. (1987), Upadhyay et al. (1991) and Dudhagara 
(1995) in gram. 
 
5.7 Economics 
 
The maximum gross realization (Table 4.21) was recorded with 
application of 100% recommended dose fertilizer + 20 t FYM ha-1 + 
Rhizobium + PSM (T12), however it did not differ statistically with treatment 
T10 (50% recommended dose fertilizer + 10 t FYM ha-1 + Rhizobium + PSM), 
while the highest net realization was recorded with treatment T10 (50% 
recommended dose fertilizer + 10 t FYM ha-1 + Rhizobium + PSM), which is 
statistically equal to treatments T12, T9 and T11. . Similar findings were also 
reported Javiya (1984), Patel et al. (1989) in gram and Mishra and Vyas 
(1992) in respect to chemical fertilizers and Lourduraj and Rajagopal (1996) 
in respect to chemical fertilizers with organic manures, Wange and Patil 
(1996) in pigeonpea and Kachot (1999) in groundnut, in respect to 
biofertilizer. Ramamoorthy et al. (1997) in respect to combined effect of 
chemical fertilizer and biofertilizer. 
 
 VI. SUMMARY AND CONCLUSION 
 
 
 
Results of field experiment entitled “Effect of biofertilizers 
on growth and yield of gram (Cicer arietinum L.) var. Gujarat Gram-1” 
was carried out on College of Rural Studies, Dumiyani (Dist. Rajkot) 
during rabi season of 2002-03 and 2003-04. Twelve treatments 
comprised of sole and combined application of chemical fertilizers (50% 
and 100% recommended dose of fertilizer), organic manures (FYM 10 
and 20 t ha-1) and biofertilizers (Rhizobium and PSM) were tried in 
Randomized Block Design with four replications. 
The findings are summarized as below : 
 
6.1 Effect on plant stand  
 
Among various treatments tried in the experiments did not 
exert their significant influence on plant population recorded at 15 days 
after sowing and at harvest. 
                
6.2  Effect on growth parameters 
 
The result of the experiments indicated that maximum values 
of plant growth characters viz., plant height (36.95 cm), plant spread 
(42.14 cm), number of branches per plant (5.31), number of root nodules 
at 40 DAS (8.65) and 80 DAS (17.70) and dry matter production (13.91 
g) were recording under treatment T12 (100% RDF + 20 t FYM ha-1 + 
Rhizobium + PSM) in the pooled results. Treatment T11 (100% RDF + 
Rhizobium + PSM), T10  (50% RDF + 10 t FYM ha-1 + Rhizobium + PSM), 
T9 (50% RDF  + 10 t FYM ha-1) and T7 (100% RDF) were found equally 
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effective in respect of recorded higher values of these plant growth 
characters than rest of the treatments. 
   
6.3 Effect on yield attributes 
 
Among all the treatments, treatment T12  (100% RDF + 20 t 
FYM ha-1+ Rhizobium + PSM) found significantly superior by regarding 
higher values of yield attributes viz., total number of pods per plant 
(37.45), number of grains per plant (52.46), grain yield per plant (8.89 g) 
and test weight (18.76 g) over rest of the treatments but it was found 
statistically at par with the treatments T11 (100% RDF + Rhizobium + 
PSM), T10 (50% RDF + 10 t FYM ha-1 + Rhizobium + PSM), T9 (50% 
RDF + 10 t FYM ha1) and T7 (100% RDF) in respect of total number of 
pods per plant and grain yield per plant whereas it was remained equally 
effective with treatments T10  (50% RDF + 10 t FYM ha-1 + Rhizobium + 
PSM) and T9 (50% RDF + 10 t FYM ha-1) regarding grain yield per plant 
and test weight in the pooled results. In case of harvest index, among all 
the treatments tried in the experiment did not bring significant variation 
during both the years and in the pooled results. 
 
6.4 Effect on grain and straw yield 
 
           Out of twelve treatments, treatment T12 (100% RDF + 20 t 
FYM ha-1 + Rhizobium + PSM) recorded significantly higher grain yield 
2014, 2087 and 2050 kg ha-1 in the year 2002-03, 2003-04 and in pooled 
results, respectively. But it was remained statistically at par with 
treatments T10 (50% RDF + 10 t FYM ha-1 + Rhizobium + PSM) in both 
the years and in pooled results. The per cent increase in grain yield of 
53.03, 48.33 and 50.62 over control (T1) in 2002-03, 2003-04 and in 
pooled results, respectively.  
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Significantly minimum grain yield were1316, 1407 and 1361 
kg ha-1 was recorded with treatment T1 (Control) during 2002-03, 2003-04 
and pooled results, respectively, which did not differ significantly from 
those recorded with treatment T3 (Rhizobium + PSM), T4 (50% N ha-1 + 
PSM), T5 (50% P2O5  ha-1 + Rhizobium) and T6 (50% RDF) in both the 
years and in pooled results.  
Maximum straw yield of 2871, 2924 and 2887 Kg ha-1 was 
recorded under treatment T12 (100% RDF + 20 t FYM ha-1 + Rhizobium + 
PSM) in 2002-03, 2003-04 and in pooled results. 
   
6.5 Effect on quality parameters 
 
 Application of 100% RDF + 20 t FYM ha-1  + Rhizobium + 
PSM recorded significantly higher protein content in seed closely 
followed by treatments T10 (50% RDF + 10 t FYM ha-1 + Rhizobium + 
PSM), T9 (50% RDF + 10 t FYM ha-1), T11 (100% RDF + Rhizobium + 
PSM), T7 (50% RDF), T2 (20 t FYM ha-1), T8 (50% RDF + Rhizobium + 
PSM) and T6 (50% RDF) in both the years and in pooled results, whereas, 
it was minimum under treatment T1 (control).  
 
6.6 Effect on nutrient content and uptake by crop 
 
 Significantly maximum N and P content in grain and straw 
obtained under treatment T12  (100% RDF + 20 t FYM ha-1  + Rhizobium + 
PSM) in pooled results, whereas, it was observed minimum with 
treatment T1 (Control.). 
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6.7 Effect on available nutrient content in soil after harvest 
 
 Treatment T12  (100% RDF + 20 t FYM ha-1  + Rhizobium + 
PSM), remained significantly superior regarding available N and P 
Content in the soil after harvest over rest of the treatment but it was 
closely followed by the treatment T10, T9, T11 and T2 during both the years 
and in pooled results. 
  
6.8 Economics 
 
 Among all the treatments tried in the experiment, treatment 
T10 (50% RDF+ 10 t FYM ha-1  + Rhizobium + PSM) found to be the best 
by obtaining maximum net realization of Rs 17738 ha-1 in pooled results. 
This treatment was followed by treatment T12 (100% RDF + 20 t FYM ha-1  
+ Rhizobium + PSM), T9 (50% RDF + 10 t FYM ha-1) and T11 (100% RDF 
+ Rhizobium + PSM) under which net realization recorded were Rs 
17120, 16090 and 16072 ha-1, respectively in pooled results. 
 
 Conclusion 
 
Based on the pooled results of two years experimentation, it 
could be concluded that to secure maximum net realization from gram 
crop in addition to maintaining soil fertility, the crop should be fertilized 
with 50% recommended dose of fertilizer + FYM @ 10 t ha-1 along with 
biofertilizers Rhizobium + PSM under North Saurashtra Agro-climatic 
zone.   
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Appendix I  Analysis of variance for Plant population (15 DAS and at harvest), plant height, plant 
spread and number of branches per plant at harvest 
 Character  Source of variance  
 
                    Replication  Treatment Error 
  df              3       11                                                 33  
 
 2002-03 2003-04 Pooled  2002-03  2003-04 Pooled 2002-03 2003-04 Pooled 
  
Plant population   
at 15 DAS  296.22 287.41 291.82 22.95 61.75 76.83 94.12 167.41 130.76  
 
Plant population   
at harvest 296.22 288.39 292.31 22.95 61.52 76.08 91.69 172.81 132.25 
 
Plant height (cm)    * ** **   
at harvest 19.92 24.53 22.23 30.90 43.39 72.95 12.03 8.62 10.33 
 
Plant spread (cm)     ** ** 
at harvest 22.26 9.87 16.07 22.94 4.48 56.29 12.78 7.68 10.23 
 
No. of branches per     ** ** 
plant at harvest 0.48 0.16 0.32 0.27 0.53 0.76 0.22 0.14 0.18 
 
* Significant at 5 per cent level of probability    ** Significant at 1 per cent level of probability 
  
 II 
 
 
Appendix II  Analysis of variance for number of nodules per plant (40 and 80 DAS), Dry matter 
production, number of pods and number of grains per plant at harvest  
 Character  Source of variance  
 
                    Replication  Treatment Error 
  df              3       11                                                 33  
 
 2002-03 2003-04 Pooled  2002-03 2003-04 Pooled    2002-03   2003-04 Pooled 
  
No. of nodules/    ** ** **  
Plant at 40 DAS  0.48 0.08 0.28 4.66 3.07 7.51 0.45 0.43 0.44 
  
No. of nodules/    **  ** 
Plant at 80 DAS 2.47 0.62 1.54 22.81 6.56 25.94 1.44 3.55 2.50 
 
Dry matter   * ** ** ** 
Production/plant 3.97 4.66 4.32 9.84 11.97 21.61 1.82 1.89 1.86 
  
Number of     ** ** **     
pods/plant 16.33 25.19 20.76 54.67 60.09 114.03 8.78 13.46 11.12 
 
Number of   ** ** ** 
Grains/plant 7.55 21.05 14.30 73.54 98.34 165.50 17.72 14.69 16.21 
 
* Significant at 5 per cent level of probability    ** Significant at 1 per cent level of probability  
 III 
 
 
Appendix III  Analysis of variance for grain yield per plant, test weight, grain and straw yield (kg ha-1) 
 Character        Source of variance  
 
                    Replication  Treatment Error 
  df              3       11                                                 33  
 
 2002-03 2003-04 Pooled   2002-03  2003-04 Pooled     2002-03 2003-04 Pooled 
   
Grain yield   ** ** ** 
per plant 1.01 1.16 1.08 9.12 8.00 17.04 0.62 0.72 0.67 
 
Test weight     ** ** ** 
(g) 3.62 1.02 2.32 13.41 4.80 28.08 1.30 1.70 1.50 
 
Grian yield    **  ** ** 
(kg ha-1) 7683 5036 6360 214669 164105 374295 18226 16756 17491 
 
Straw yield     ** ** **  
 (kg ha-1) 11931 11631 11781 335139 247566 572586 51437 42906 47172 
 
 
*Significant at 5 per cent level of probability    ** Significant at 1 per cent level of probability 
 
  
 
 IV 
 
 
Appendix IV  Analysis of variance for harvest index, Biological yield and Protein content  
 
 Character        Source of variance  
 
                    Replication  Treatment Error 
  df              3       11                                                 33  
 
 2002-03 2003-04 Pooled   2002-03   2003-04 Pooled 2002-03 2003-04 Pooled 
   
Harvest   
index (%) 1.69 0.01 0.85 2.78 3.67 6.35 5.34 4.35 4.84 
 
 
Biological    **  ** ** 
yield (kg ha-1) 26369 31983 29176 1103642 811084 1862411 95318 105571 100445 
 
 
Protein     ** * ** 
content (%) 1.24 0.12 0.68 6.77 3.09 9.22 1.47 1.14 1.30  
 
  
* Significant at 5 per cent level of probability    ** Significant at 1 per cent level of probability 
 
 
 
 V 
 
 
Appendix V  Analysis of variance for N and P content in  grain and straw (%) 
  
 Character        Source of variance  
 
                    Replication  Treatment Error 
  df              3       11                                                 33  
 
 2002-03 2003-04 Pooled    2002-03  2003-04 Pooled 2002-03 2003-04 Pooled 
   
N content    ** * ** 
in grain (%) 0.032 0.0030 0.0017 0.173 0.0782 0.235 0.038 0.0291 0.033 
 
N content    **  ** ** 
in straw (%) 0.001 0.0003 0.0005 0.043 0.052 0.094 0.011 0.010 0.010 
 
P content     ** ** ** 
in grain (%) 0.0002 0.001 0.001 0.003 0.003 0.006 0.0004 0.001 0.001 
 
P content    ** ** **  
 in straw (%) 0.00001 0.00002 0.00001 0.0002 0.0001 0.0003 0.00002 0.00002 0.00002 
  
 
* Significant at 5 per cent level of probability    ** Significant at 1 per cent level of probability 
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Appendix VI  Analysis of variance for N and P uptake and Available N and P content  
 
 Character        Source of variance  
 
                    Replication  Treatment Error 
  df              3       11                                                 33  
 
 2002-03 2003-04 Pooled    2002-03   2003-04  Pooled 2002-03 2003-04 Pooled 
   
N uptake    ** ** ** 
(kg ha-1) 24.03 6.93 15.48 433.81 295.79 718.87 31.39 30.99 31.19  
 
P uptake    **  ** ** 
(kg ha-1) 0.221 0.439 0.330 8.368 9.195 17.339 0.613 0.679 0.646  
 
Available N     ** ** ** 
(kg ha-1) 45.98 19.47 32.72 3404.05 2 739.72 6089.74 128.97 194.95 161.96 
 
Available P     ** ** **  
 (kg ha-1) 1.79 2.77 2.28 20.04 27.71 47.17 5.67 5.99 8.83 
  
 
* Significant at 5 per cent level of probability    ** Significant at 1 per cent level of probability 
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Appendix VII  Analysis of variance for Gross and Net realization (Rs ha-1) 
 
     Character        Source of variance  
 
                    Replication  Treatment Error 
                         df                     3       11                                                 33  
 
 2002-03 2003-04 Pooled     2002-03      2003-04 Pooled 2002-03 2003-04 Pooled 
   
 
Gross  
realization 1515350 1008562 1261956 42816542 32728941 74653099 3621334 3348992 3485163 
   
 
Net 
realization 1515350 1008562 1261956 19603690 11043555 29429819 3621334 3348992 3485163   
       
 
*  Significant at 5 per cent level of probability         **   Significant at 1 per cent level of probability 
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Appendix  VIII  Cost of cultivation as per treatment (Rs ha-1) f or gram crop (2002-03 and 2003-04) 
 
  Treatment Cost of Cost of      Total Interest of Supervision  Total cost 
 Operation treatment       (a+b) saving @ 12% chage @ 10% c+d+e  
  (a)  (b)  (c) (d) (e)  (f) 
  2002-3 2003-4 2002-3 2003-4 2002-3 2003-4 2002-3  2003-4   2002-3   2003-4 2002-3 2003-4 
     
T1 5425 6575 0000 0000 5425 6575 217 263 543 0658 6185 07496  
T2 5425 6575 3080 3480 8505 1055 340 402 850 1006 9695 11463 
T3 5425 6575 0100 0100 5525 6675 221 267 553 0668 6299 07610 
T4 5425 6575 0151 0171 5576 6746 223 270 558 0675 6357 07691 
T5 5425 6575 0416 0496 5841 7071 234 283 584 0707 6659 08061 
T6 5425 6575 0467 0567 5892 7142 236 286 589 0714 6717 08142 
T7 5425 6575 0934 1134 6359 7709 254 308 636 0771 7249 08788 
T8 5425 6575 0567 0667 5992 7242 240 290 599 0724 6831 08256  
T9 5425 6575 2007 2307 7432 8882 297 355 743 0888 8472 10125 
T10 5425 6575 2107 2407 7532 8982 301 359 753 0899 8586 10240 
T11 5425 6575 1034 1234 6459 7809 258 312 646 0781 7363 08902 
T12 5425 6575 4114 4714 9539 11289 382 452 954 1129 10875 12870 
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  Appendix  IX  Cost of FYM, chemical fertilizer and biofertilizer as per the treatments. 
 
  Treatment Cost of FYM+     Cost of chemical   Cost of biofertilizer Total treatment cost  
 application cost fertilizers + application             (Rs ha-1)         (Rs ha-1) 
       (Rs ha-1)       cost  (Rs ha-1) 
 2002-03 2003-04 2002-03 2003-04 2002-03 2003-04 2002-03 2003-04 
         (a)                  (b)      (c)     (a+b+c) 
T1 - - - - - - - -   
T2 3080 3480 - - - - 3080 3480  
T3 - - - - 100 100 100 100  
T4 - - 101 121 50 50 151 171  
T5 - - 366 446 50 50 416 496  
T6 - - 467 567 - - 467 567 
T7 - - 934 1134 - - 934 1134  
T8 - - 467 567 100 100 567 667 
T9 1540 1740 467 567 - - 2007 2307 
T10 1540 1740 467 567 100 100 2107 2407 
T11 - - 934 1134 100 100 1034 1234 
T12 3080 3480 934 1134 100 100 4114 4714 
 
2002-03 2003-04   * Grain = Rs. 14.00 per Kg   
1. FYM Rs tonnes-1   145  165    * Straw = Rs. 00.10 per Kg 
2. Nitrogen Rs kg-1  10.10  12.10    
3. Phosphorus  18.30  22.30    
4. Biofertilizer  50  50 
 X 
 
 
Appendix X   Cost of cultivation for gram crop per hectare. 
 
    Sr.              Particular             Cost of operation (kg ha-1) 
            
    2002-03   2003-04 Pooled 
     
1. Preparatory cultivation 0635 0735 0685 
2. Layout and open furrow 0260  0280 0270 
3. Cost of Seeds (2002-03 - Rs. 75/20 kg, 2003-04  - Rs.  80/25 kg) 1500 2000 1750  
4. Cost of threshing (2002-03 - Rs. 200/ ha, 2003-04  - Rs.  250/ha)  0200 0250 0225 
5. Cost of irrigation (2002-03 - Rs. 150/6, 2003-04  - Rs.  160/6) 0900 0960 0930 
6. Cost of sowing  0180 0200 0190 
7. Cost of gap filling 0250 0300 0275 
8. Cost of intercultivation 0300 0350 0325 
9. Cost of weeding etc. 1200 1500 1350 
 Total 5425 6575 6000 
Note : Bullock pair (Rs. day-1) 0160 0150 0170 
  Labour charge (Rs. day-1) 0050 0060 0055 
T3 T7 T9 T1 T2 T12 T1 T5
N
Main Road (2.0 m Road)
Irigatopm channels channels
channelschannels
channels channels
channels channels
T10 T1 T6 T11 T3 T9 T7 T8
T2 T8 T12 T5 T4 T6 T10 T11
T11 T4 T10 T3 T7 T8 T2 T9
T6 T9 T7 T1 T11 T12 T4 T1
T8 T12 T5 T2 T10 T5 T3 T6
 
4.
5m
 3.0 m
3
0
.8
  m
 R-I
 R-II
 R-III R-IV
36.00  m
Design : Randomized Block Design
Replication : Four
Treatment : Twelve
plot size : 5.0 m x 3.6 m = 18.00 m2
Net plot size : 4.0 m x 2.7 m = 10.80 m2
Fig. 3.4  Layout of experimental design
Fig. 3.2  Meteorological data recorded during the crop season of rabi 2002-03
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Fig. 3.3  Meteorological data recorded during the crop season of rabi 2003-04
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Fig. 4.1.   Effect of different treatments on plant height at harvest
Fig. 4.2.   Effect of different treatments on number of pods per plant
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Fig. 4.3.   Effect of different treatments on number of grains per plant
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Fig. 4.4.   Effect of different treatments on grain yield per plant
Fig. 4.5.   Effect of different treatments on test weight (g)
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Fig. 4.6.   Effect of different treatments on grain and straw yield 
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Fig. 4.7.   Effect of different treatments on protein content in grain
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Fig. 4.8.   Effect of different treatments on N and P uptake by gram at harvest
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Fig. 4.9.   Effect of different treatments on available nitrogen and phosphorus contents in soil after harvest
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Fig. 4.10.   Effect of different treatments on gross and net realization of gram crop
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